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Foreword

In the 14 years since the 1964 Advisory Committee's Report to the
Surgeon General on smoking, awareness of the important effect of
this widespread behavior on the nation’'s health has moved in op-
posite and paradoxical directions. On the one hand, the Report
triggered significant changes. A distinct drop in cigarette con-
sumption occurred in that year, and since then consumption has de-
creased for adult males from 52 per cent to 39 per cent and for
adult females from 32 per cent to 29 per cent. A 1975 study shows
the number of physicians still smoking has decreased from 30 per
cent in 1967 to 21 per cent, dentists from 34 per cent to 23 per
cent, and pharmacists from 35 per cent to 28 per cent. On the other
hand, the knowledge has become trite and the magnitude of the dam-
age lost sight of. Fifty million Americans still smoke. Ominously,
smoking by girls between 12 and 18 nearly doubled between 1968 and
1974, eliminating the difference in smoking behavior between the
two sexes. The age at which many children begin regular smoking

is down to 11 to 12 years. Not only is early onset of a drug habit
often predictive of heaviness of use and difficulty of cessation,
but cigarette smoking is often a precursor or gateway substance to
use of stronger drugs.

Most people, including health officials, are startled when the fig-
ures on smoking damage are put into perspective. For example, the
number of people who annually die prematurely from smoking is es-
timated at 300,000. For comparison, annual automobile fatalities
are estimated at about 55,000, overdose deaths attributed to bar-
biturates are estimated at about 1,400, and to heroin at about
1,750. Over 37 million people (one of every six Americans alive
today) will die from cigarette smoking years before they otherwise
would. If tobacco-related deaths were eliminated, there would be:
» 300,000 Americans each year who would not die prematurely

+  1/3 fewer male deaths from 35 to 59

+ 85 per cent fewer deaths from bronchitis or emphysema

- 1/3 fewer deaths from arteriosclerosis

+ 1/3 fewer deaths from heart disease

* 90 per cent fewer deaths from cancer of the trachea and lungs

+ 50 per cent fewer deaths from cancer of the bladder

Given the extent of the problem, a consensus is growing that the
national effort to cope with it has been defective. Not qualita-
tively, since good people have done substantial and important work,
and many lives have been saved. But quantitatively the effort has



been too little and its priority insufficiently urgent. Cigarette
smoking is the largest preventable cause of premature death, ill-
ness, and disability we have. These smoking damage figures are so
large because of heavy promotion, governmental protection and sub-
sidy,. a health industry largely preoccupied with other things, and
an entrenched and overlearned addictive behavior that has proven
extraordinarily hard to reduce or extinguish, But what should we
think of ourselves, individually or collectively as a nation, if we
concede, therefore, that we are helpless to change this toll and
must learn to tolerate it?

The NIDA Division of Research has given increased priority to this
issue during the past few years for several reasons: the increasing
identification of smoking as a prototypic addiction, the status of
smoking as a gateway drug to use of stronger or illicit drugs, and
our focus on substance abuse as a generic phenomenon that includes
tobacco. The Royal College of Physicians 1977 report on Smoking and

Health says of the habit, " . tobacco smoking is a form of drug
dependence different from but no less strong than that on other
drugs of addiction.. " The current International Classification

of Diseases (ICD) now lists tobacco smoking disorder as a drug prob-
lem, and, as Dr. Jerome Jaffe tellingly recounts in this monograph,
so, at last, does the new psychiatric Diagnostic and Statistical
Manual (DsM)IIl draft revision.

Public health policy on smoking should probably recognize that ex-
tinction of the habit is an unrealistic goal and even undesirable,
given the adjunctive coercion such a goal would require. But we
should take care to devote a degree of concern and excellence to
understanding and dealing with the problem that is’ commensurate with
its size. The idea of control appears central, whether this is ex-
ercised in brain and CNS responses, by genetic or psychological pre-
disposition, through learning or reinforcing factors in the cultural
and institutional environment. Cur research agenda needs to address
all these levels.

Correspondingly, one measure of the usefulness of the papers in this
monograph is their scope, from the basic opponent process theory
formulated by Dr. Joseph Ternes to the activist prevention policy
presented by Dr. Ellen Gritz; from the differently impressive syn-
optic views of Drs. Russell and Van Lancker to the valuable particu-
lar cost figures calculated by Drs. Lute and Schweitzer. To have
put between two covers a set of papers of such high caliber, time-
liness, and utility is a welcome achievement.

William Pollin, M.D.

Director

Division of Research

National Institute on Drug Abuse



Preface

The National Institute on Drug Abuse has been given the lead role

in the Federal Government to carry out and support research on
tobacco smoking behavior. Unlike other Federal efforts in this area
of public health, NIDA will focus its effort on the dependence pro-
cess associated with tobacco smoking. Tobacco smoking can be viewed
as a prototype dependence ‘process which has a significant impact

on the public health. The morbidity and premature mortality figures
associated with this habitual behavior ark high. It is estimated,
for example, that some 250,000-300,000 premature deaths can be di-
rectly or indirectly related to tobacco smoking. While much re-
search has been devoted to the biomedical and pathological conse-
quences of smoking (early onset of cardiovascular and pulmonary di-
sease and lung cancer), relatively little Federal research support
has been provided for understanding the biological, behavioral,
psychological, and societal factors which may be substantial in

the etiology and maintenance of this habitual behavior. Little, if
any, research has been focused on elucidating withdrawal phenomena
associated with cessation of smoking or factors leading to relapse
and recidivism. Other areas of research which are ripe for develop-
ment are innovative treatment procedures for teaching people how to
stop smoking and pharmaco-therapeutic technigues for maintaining
abstinence. Development of biological assays to detect tobacco,
nicotine, and its metabolites is essential. Such technology would
afford researchers a way to validate self report data in follow-up
studies and epidemiological surveys of smokers.

NIDA is currently developing an extra-mural funding program targeted
for research on tobacco smoking as a dependence process. Part of
our effort in this area of smoking research is exemplified by this
conference.

Norman A. Krasnegor, Ph.D.
Division of Research
National Institute on Drug Abuse
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Introduction

Murray E. Jarvik, M.D., Ph.D.

Cigarette smoking, as it exists in the world today, is a most remark-
able phenomenon. It is a habit of the most widespread proportions,
and a product of the twentieth century. Today, cigarette smoking
has ramifications in almost every area of knowledge -- in politics,
economics, psychiatry, psychology, sociology, anthropology, pharma-
cology and pathology. It is strange that people should go to such
lengths to burn and then inhale some vegetable matter. We must
find out what is rewarding about it. Furthermore, how rewarding
can it be that it overcomes the clearly demonstrated punishment
meted out by this tenacious habit? In an attempt to obtain some
answers to these questions, the symposium was organized and this
volume produced.

In order to understand the habit, we analyzed it from four differ-
ent aspects: epidemiology, etiology, consequences and treatment.
Thus, we want to know something about the distribution of cigarette
smoking in the world today; we would like to understand why people
smoke; we want to see in the light of present day knowledge just
what is known about the dangers of cigarette smoking; and we want
to find out how people who desire to stop smoking can succeed at
this difficult task.

Leonard Schuman has reviewed the epidemiological data concerning
patterns of smoking in the United States. Similar patterns seem
to exist in other countries of the world, although the level of
smoking seems to be the highest in our country. The three events
which have had the greatest impact on smoking in this century are
World Wars | and Il and the Surgeon General’'s Report of 1963. The
former increased and the latter decreased smoking. There does ap-
pear to be a general overall decline in smoking today, but only of
modest proportion, clearly not a serious threat to the cigarette
industry, nor a great boost to the health of the country. A major
problem is women -- both teenage girls, who continue to show a
rise in smoking, and adult women, who fail to show the cessation
rates of men. The reason for this sex difference is not evident.

Male smokers, of course, continue to predominate over female smokers,
though the gap is narrowing. There Is a marked preponderance of
smoking among divorced or separated persons, as compared to married



or single individuals of either sex. Smoking also seems to be more
common among persons of lower socioeconomic level and lower educa-
tional achievement, except that more females in higher income
groups smoke.

Ernst Wynder has considered some of the public health aspects of
cigarette smoking, and has discussed measures that can or should

be taken to reduce the adverse impact of smoking upon health. He
has discussed the interaction of cigarette smoking with other risk
factors such as alcohol, occupational hazards and hypercholesterol-
emia and hypertension. He feels it is particularly important for
individuals at high risk for cancer or coronary disease to elimi-
nate smoking. Smoking itself does not appear to be a causative
factor in coronary disease when other risk factors are absent. Air
pollution seems to have relatively little impact on health, and the
evidence linking it to disease is thus far unsatisfactory. On the
other hand, smoking has a major health impact. The majority of
smokers want to stop, but it is evident that efforts should be made
to convince the minority who wish to continue, that this is inimical
to their health. Even among the group that wants to stop, most-of
them will not succeed. The development of group therapies seems to
be the most cost effective method, and research must be done into the
prevention of relapse after termination. Parallel to these efforts
is the development of less harmful cigarettes for those who cannot
or will not stop smoking. Dr. Wynder suggests that greater efforts
are needed and more enthusiasm should be generated from the medical
and scientific professions towards the elimination of disease.

In my paper, | have tried to examine the evidence that nicotine
plays a central role in cigarette smoking. There are many studies
that support the view that nicotine is necessary for smoking. How-
ever, there is considerable controversy over whether a pharmacolo-
gical agent is sufficient to maintain the smoking habit. We know
that most of the acute biological effects (good and bad) of smoking
can be attributed to nicotine. The chronic effects seem to be due
to a combination of nicotine, carbon monoxide and tar. We know
that on occasion, people will smoke cigarettes which have a very
low nicotine content or indeed which have none at all; however,
they do not like them. In many ways this behavior is similar to
the drinking of decaffeinated coffee or near beer.

Inhalation of nicotine ought to mimic smoking, but no study has in-
vestigated the reinforcing effects of nicotine given by this route
through physiological effects resembling smoking (Herxheimer et
al. 1967). One would guess that people are not too keen to take
injections of nicotine, although there are really relatively few
studies which have investigated this route of administration. The
fact that nicotine injections do not seem to be pleasurable, but
that nicotine given in forms other than tobacco is not particularly
desirable, poses a serious problem for the nicotine hypothesis. |
have therefore tentatively proposed that perhaps nicotine is opti-
mally reinforcing when it is combined with some other constituents



of tobacco. Since tar and nicotine seem to covary, | would guess
that some constituent of tar may potentiate the reinforcing effects
of nicotine, but this point requires further investigation with
cigarettes varying independently in tar and nicotine content. We
have some evidence that nicotine has greater control over smoking
than tar (Stolenman et. al. 1974).

Dorothy Green has described some of the findings which were obtained
in the unique surveys of smoking carried out by the National Clear-
inghouse for Smoking and Health in 1964, 1966, 1970 and 1975. These
surveys revealed four factors to be dominant as motivations for
quitting: health, example, aesthetics and mastery. Except for
aesthetics, these factors might reasonably be expected to play a
role in other substance abuse habits such as narcotics addiction,
alcoholism and over-eating. The remarkable thing is that people

go on smoking despite the wide advertising of health hazards of
smoking. Hochbaum’s model, with its five factors, were examined

in these surveys. The factors were: Knowledge of the threat, im-
portance of the threat, personal relevance, capability of doing
something about it, and value of doing something about it. It is
evident that these factors are extremely important in the public
health control of smoking behavior, just as they are with the other
public health hazards. From a practical point of view, the real
problem is to design an effective method of dealing with each of
these exceedingly challenging factors.

Silvan Tomkins' brilliant insight into motivation resulted in a
theory with four smoking types: positive affect smokers, negative
affect smokers, addictive smokers, and “pure habit” smokers
(Tomkins 1966). Green and her co-workers found six factors which
were parallel to the Tomkins typology. It is evident that the Na-
tional Clearinghouse for Smoking and Health had access to material
which was very unique. The problems of the survey were those of
all verbal questionnaires, that the meaning of the questions had
to be accepted at their face value.

Thomas Vogt presents a very scholarly paper in which he describes
a method of measuring exposure to cigarette smoke by measuring
carbon monoxide in expired air and thiocyanate in blood plasma.
He has correlated questionnaire estimates of smoking with these
chemical measures and has discussed the relative merits of each
method of estimating smoking. It is interesting that the pro-
portion of thiocyanate-carbon monoxide variance explained by ques-
tionnaire items is greater for age in which smoking was started
than cigarettes per day. This, perhaps, reflects the accuracy with
which subjects were able to answer these questions (a measure of
validity). Dr. Bernard Fox provides a very incisive discussion
of the papers in this section with particular attention to Dr.
Vogt's presentation.

Dr. Ternes has presented us with an interesting application of
Richard Solomon’s opponent process theory to smoking. Solomon



demonstrated that in dogs conditioned to punishing electric shock,
they not only developed tolerance to the situation but they de-
veloped a strong positive reaction to cessation of the negative
stimulus which persisted for a long time. This was a type of
non-pharmacological abstinence syndrome. In smoking, as with
other forms of dependence, a difficult question to answer is why
extinction is so difficult and relapse so common. The opponent
process theory assumes that each form of reinforcement (a) is
accompanied by an opposing reinforcement (b) which outlasts the
termination of the initial reinforcement. The (b) process con-
tributes to the abstinence syndrome seen upon abrupt termination
of many forms of drug addiction. The success and usefulness of
this attractive theory depends a great deal upon our ability to
identify and characterize the (a) and (b) processes for each
habit. There is obviously great variability in the way in which
smokers react to cessation of their habit but the great majority
suffer some type of deprivation symptoms which must play a great
role in relapse. More research is needed to clarify and identify
these processes.

Leo Reeder has examined some sociocultural factors and their rela-
tionship to smoking. First, nature has divided human beings into
obvious visibly different groups on the basis of sex and age.
And these different groups do show different smoking behaviors.
Since smoking is an acquired habit, it is evident that teenagers
smoke less than individuals over 20 years of age. But smoking

is declining among adults, whereas it is increasing in teenagers.
Most of the decline is in adult men, with relatively little de-
cline in adult women. The percentage of teenage boys who smoke
has remained constant over the past 20 years, whereas it has in-
creased tremendously in teenage girls, until today they equal
teenage boys in the incidence of smoking. It is evident that
girls are taking up smoking more readily, and women are giving

it up with much greater difficulty than boys or men.

trend continues, female smokers will outnumber male smokers. It
is interesting to speculate on why women are so susceptible to
smoking today. Is it a consequence of the “women’s liberation
movement”? Or could it be that women have become aware of the
fact that they are less at risk from cardiovascular dangers of
smoking than men are?

Among the sociological factors that are easily measured, it can be
seen that smoking rates are highest among divorced or separated
individuals. Again, we have the problem of deciding which is cause
and effect. Getting divorced may make individuals smoke more, per-
haps because of the stresses and strains associated with such a
change in marital status. It seems unreasonable to assume that
smoking per se will drive people into divorce, although a non-smok-
ing spouse may not find it comfortable to live with a smoking part-
ner . Perhaps there is a third factor of emotional stability which
leads people both to smoke and to get divorced. This is clearly a
phenomenon of great social importance and worth investigating.



The role of socioeconomic status in smoking is complicated. There
is an interaction with sex and educational level. Poorly educated
women are less apt to smoke, whereas poorly educated men are more
apt to smoke. The converse seems to be true of the upper end of
the educational level. It is of some significance that smoking
prevalence is one of the exceedingly few behaviors in which the
sexes fill opposite trends on the socioeconomic continuum. More
research is needed to find out whether poorly educated women and
well educated men desist from smoking for the same reasons. One
might guess that the educated men don’'t smoke because they are
strongly influenced by the health hazards. Poorly educated women,
on the other hand, take their lower class sex roles very seriously
and have been prohibited from smoking, not for health reasons but
because religious and cultural mores prohibit them from doing so.
Dr. Reeder doesn't give the figures, but we might guess that inci-
dence of smoking is much closer between well educated men and
women than it is between poorly educated men and women.

Most psychiatrists have noted that there is a higher frequency of
smoking in their patients than in a general population. Reeder
corroborates this impression with results from the Midtown study,
where mental health was inversely related to smoking in men.

Other sociocultural factors identified in smoking are important and
should be explored further. Social pressure makes individuals con-
form to the behavior of parents, sibs and peers, and smoking be-
havior of course is influenced in the expected direction. It is
evident that smoking, like all other forms of substance dependen-
cies, is molded by the influence of people surrounding the smoker.
Jerome Jaffe discussed the conditions under which tobacco use
could be considered a psychiatric disorder. It is certainly an
anomaly that cigarette smoking has been viewed in contemporary
society by a very different light from traditional addictions
such as opiate, alcohol, and barbiturate addictions. It is ob-
vious that in many individuals dependence upon tobacco is every
bit as strong as dependence upon these other drugs. Dr. Jaffe
has made a very careful review of the conditions under which to-
bacco use should be considered a psychiatric disorder to be

listed in the third edition of the American Psychiatric Associa-
tion's Diagnostic and Statistical Manual (DSM-III). The inclu-
sion of Tobacco Use Disorder in this manual should have a profound
effect upon the reputation of this behavior in the community and
may hopefully result in the application of third party payments
for the treatment of the disorder.

Bryan R. Luce and Stuart 0. Schweitzer present a very provocative
discussion of the economic costs of smoking-induced illness. Their
analysis is of necessity based upon somewhat limited data and,
therefore, entailed a good deal of extrapolation. But their final
estimate that smoking costs us about 42 billion dollars a year or
22% of the Gross National Product is really a frighteningly large



figure. It is evident that economic considerations alone should
prompt the government to do something to correct this situation.

Julien van Lancker has given a very comprehensive survey of the
danger of smoking, as perceived from its earliest discovery to the
present times. He points out quite properly that even though it
was known that tobacco ought not to be smoked from earliest times,
attempts at suppressing it invariably failed. Of course, it may
be that in. the old days the negative reinforcement for smoking
came mainly from the threats and punishment meted out by man,
whereas today the approach is more rational and emphasizes the
disease causing properties of the habit. | would expect that this
scholarly chapter will become an important reference work for those
interested in the pathological changes wrought by smoking.

After considering the composition of tobacco, Dr. Van Lancker dis-
cusses the toxicology of tobacco components. He discusses the
myriad of compounds which can cause harmful effects, including
nicotine, carbon monoxide, methyl alcohol, lead and arsenic. Then
he discusses the effects of smoking on the cardiovascular and res-
piratory systems. Smoking influences pregnancy deleteriously.
Fully a third of this paper is devoted to the relationship between
smoking and cancer. He discusses possible mechanisms in some de-
tail and carefully documents each point. Despite the massive
amount of evidence linking cancer and smoking, Dr. Van Lancker
concludes that “a clear-cut causal relationship between cigarette
smoking and cancer has not been demonstrated.” Some experts would
disagree with this conclusion and would argue that no stronger
causal relationship has been shown for any other disease and a
presumed etiological agent.

The last section of this symposium deals with the practical steps
that can be taken to reduce cigarette smoking in our population.
In smoking, as in all other habits, “an ounce of prevention is
worth a pound of cure”. Ellen Gritz discusses the various me-
thods which have been used, and which might be further used to
prevent the onset of smoking. School programs in San Diego and
Los Angeles, California, and in Houston, Texasproduce a sizable
reduction in smoking in the most susceptible groups of teenagers.
As the proportion of smokers in the general population decreases,
it should become progressively easier to convince school board
members to institute such programs in the city schools. The
other medium to which teenage children are exposed a great deal
is television. Since the anti-smoking spots have disappeared,
television has probably had less impact on the smoking habits

of teenage children. Twenty years ago, movie and television
heroes. and heroines smoked, but nowadays by and large, they do
not. They are role models for susceptible audiences and ought
to help in diminishing smoking.

Although the vast majority of smokers begin the habit in their
mid or early teens, there is a small number of individuals who



begin smoking at later ages, even into the sixties and seventies.
The later an individual begins to smoke, the less of a problem
smoking is because there is obviously less cumulative effect.
Furthermore, the ease of stopping is probably inversely related
to the age of starting. Until twenty years ago, there was little
reason for intelligent people to stop smoking. To be sure, there
were always aesthetic and religious reasons, but the one major
factor which today deters and convinces people that they should
not smoke was lacking. This was the official pronouncement by
the United States Government that smoking is harmful (Surgeon
General Report 1964). In the middle of this century, the majority
of physicians smoked and gave their stamp of approval to their
patients who smoked. Today, the picture is quite different since
only a fifth of physicians continue to smoke, and each year the
number of physicians who smoke is diminishing. The major reason
that people stop smoking is because they recognize some type of
personal danger from the habit. This is a highly abstract intel-
lectualized reason in most instances since the health conse-
quences of smoking are so long delayed. Thus individuals stop
smoking either through forma-programs of some type or else -
spontaneously on their own. The Graham and Gibson study (1971)
showed the importance of an intellectual grasp of the health .
hazards of smoking. They also showed that actual serious illness
had a great impact upon smokers and caused them to stop smoking.
Of course in addition to their societal pressures from friends
and family, media messages also played a role. Dr. Gritz has
pointed out that in dealing with smoking, the psychoanalytic
defense mechanisms are all employed by the smoker to deny or re-
press the deleterious effects of smoking.

Jerome Schwartz has presented a comprehensive report on the vari-
ous methods used to induce smoking cessation, and then he describes
what procedures are employed in different countries.

Dr. Schwartz has done a commendable job in attempting to make order
out of chaos. It appears that smoking control methods have improved
in the last decade, though there is no clearly definable reason that
one could attribute such success to. Obviously, long-term results
are more important than short-ten results, and progress is being
made in finding prognostic indicators of long-term success. The
most general finding which requires further investigation is that
women are more difficult to cure than men, both on a short-term

and on a long-term basis. The most important contribution of
Schwartz’ paper is that it allows one to compare effectiveness

of different methods.

As one can see from the tables, success in keeping clients ab-
stinent for a year varies considerably for different programs.
Some, who must be quite honest in reporting, report a low of
zero per cent (Pederson 1975; Kreutzer 1967). Others report
phenomenal success with a high of 88% (Kline 1970) or 85%
(Quarter 1972). Of course, these results should be scrutinized



much more closely to see what they really mean and just how
replicable they are likely to be.

However, there is such tremendous variability in results within
each category of treatment that it is evident that something other
than the treatment method contributes to success. It may be the
setting, the personality of the therapist, or some other indivi-
dual factor in the patient. During the next few years, it will

be important to pin down the factors which are prognostically im-
portant so that a more rational approach to therapy can be evolved.

Emerson Foote has provided us with an eloquent plea for the elimi-
nation of cigarette advertising and the substitution of a publicly
subsidized educational advertising campaign against cigarettes.
There is no question that the barrage of information regarding
cigarettes, which reaches the public is one-sided. An exception
must be made for members of the medical profession and highly
educated groups who have ready access to health information. Al-
though | agree with Mr. Foote in principle, it is evident that
putting his plan into action would be quite difficult. Common
sense tells one that the mere tolerance of cigarette advertising
in the community seems to justify it and give the habit tacit ap-
proval . And yet it is hard to obtain a quantitative measure of
Just how much influence advertising has upon smoking. In coun-
tries with a collective economy such as the Soviet Union or
Communist China, there is no cigarette advertising. And yet, the
incidence of smoking is extremely high. To be sure, it might be
even higher if cigarette advertising were allowed. My own feeling
is that although | am sympathetic with Mr. Foote’s aims, | feel
that from a practical point of view, more would be accomplished

if we ignored cigarette advertising by the cigarette industry, but
attempted to mount a more vigorous campaign of anti-cigarette pro-
paganda. | do believe, even though it is difficult. or impossible
to prove, that when the equal timé arrangement existed on televi-
sion and there were ads against cigarette smoking sponsored by
various health agencies, that these did have a direct effect in
reducing smoking.

In recent years, Senator Gregorio of the California State Senate
has attempted several times to get a bill passed whereby the

state of California would subsidize anti-smoking advertisements.
Needless to say, the cigarette industry has been very vigorous in
their opposition to such a bill, and indeed the bill has not yet
succeeded in passing the legislature. It is conceivable that if

it were subject to referendum, it would be passed since anti-smoking
sentiment now is more prevalent than pro-smoking sentiment in
California citizens.

Controversy has always surrounded attempts by the government to re-
gulate or even influence personal habits, and yet in a sense that
Is what government is for. As Luce and Schweitzer pointed out in
this volume, allowing people to harm themselves in great numbers



has a significant economic impact upon the rest of us. Where does
one draw the line in civil rights? Because of the disastrous re-
sults in alcohol prohibition, few people would recommend an out-
right prohibition ofcigarette sales. A strong argument can be
made for legalizing vice (alcohol, drugs) since it can be better
regulated than when it is left in control of the underworld. Out-
lawing something which is widely desired has never solved a problem.
The answer is to find out why a habit like smoking is so strongly
reinforcing and then determine whether the harmful components can
be eliminated and the pleasurable components retained.

The political implications of smoking analysis are rather complex.
The tobacco industry and the Department of Agriculture support
smoking, whereas the Department of Health, Education and Welfare
opposes it. Although the financial advantage appears to be on the
side of the smoking forces, the movement nevertheless seems to be
occurring in the direction of less smoking. lIronically, it doesn't
matter whether a government is free and democratic as our own, or
a dictatorship such as exists in the Soviet Union. Smoking seems
to be tolerated as long as it seems to bring in revenue to the
treasury of the country. King James I, who started out as an im-
placable foe of tobacco, became much more tolerant of smoking when
large revenues from tobacco began to flow into his treasury. When
those in charge of the economics of the country can be made to
realize that the cost of smoking is greater than the income it
produces, only then will there be official governmental policy
against this pleasurable habit.

Edward Lichtenstein has given a brief overview of recent develop-
ments in social learning approaches to smoking. Rapid or forced
smoking, a procedure popularized by Lichtenstein, was found to be
one of the most effective methods of helping people to stop smoking.
There is still some concern about possible cardiovascular risks to
some individuals. The most popular programs are multicomponent in
nature, and as can be expected, did give the most divergent results
with one year follow-ups of success ranging from 20% to 50%. Con-
trolled smoking, like controlled drinking, is a controversial area.
Advocates of the “cold turkey” method of cessation do not feel that
it is profitable for individuals to attempt to merely cut down.
Lichtenstein feels now that external stimulus control alone might
not be sufficient to persuade all smokers to stop, and that infor-
mation on physiological processes, particularly nicotine, may play
an important role. Tension reduction by other methods such as
relaxation procedures ought to substitute for some of the reinforc-
ing effects of smoking, but thus far results have been mixed. An-
other area which has been relatively neglected is the investigation
of relapse episodes and what causes them. The dynamics of relapse
needs careful study and explication.

It may be better to have a therapy which only cures a very small
fraction of the population, but which can be utilized widely
rather than a therapy which results in a high cure rate which is



very expensive and available to only very few individuals. Obvi-
ously, treatments which require individual therapists are the most
expensive , but it is not clear whether they are also the least cost
effective. One of the most important problems of smoking research
is that it is carried on by graduate students who have only a short
time to study patients, perhaps three or four months. This is in-
sufficient to determine the true effectiveness of any given method.
It will be necessary to subsidize smoking clinics so that long-term
follow-ups will be feasible.

Phoebus Tongas’ paper addresses some of the problems raised by

Dr. Lichtenstein. His smoking clinic is embedded in a long-term
prepaid health maintenance group. In this setting, he has been
able to compare several different methods of achieving non-smoking
behavior.

These have included aversive conditioning (rapid smoking), covert
conditioning, behavioral group therapy, and a combined condition.
The best procedure was the combined one which involved multiple
therapies. At the end of one year, this group had 77% complete
abstinence, and at the end of two years 64% abstinence. This study
is based upon 72 subjects. Tongas points out that the study of
long-term maintenance of non-smoking behavior is the major area
which must be explored in the future. Like Lichtenstein, he points
out that reinforcement of Ph.D. candidates for studies of this type
is inadequte because the payoff is low and the risk is high. Con-
sequently, such research is neglected. I might add that research
into the long-term efficacy of any type of psychotherapy is largely
lacking. Tongas echoes the complaint of Lichtenstein that long-
term follow-up research is needed, but is not well supported nor

is the delayed reinforcement desired either by Ph.D. candidates

or researchers. The only answer is a special governmental program
designed specifically to support this type of research. The study
of smoking cessation procedures may be taken as a model for
psychotherapy. First, smoking, unlike other forms of drug abuse,
is a legal habit which can be studied with few constraints.
Secondly, unlike most forms of psychopathological behavior, there
is a clearly definable endpoint, namely non-smoking. All the
difficulties inherent in most forms of psychotherapy are also
present in the therapy of smoking. Tongas suggests that we

concur that future research on the therapy of smoking behavior
might focus upon respondent, cognitive, and operant behavior.
We've only scratched the surface in reviewing the factors that
may be useful in this type of therapy.

Dr. West discussed the use of hypnosis in the treatment of the
smoking habit. There is apparently considerable variability in
the success of this method. The good hypnotic subject can often
be induced to stop smoking permanently with a single hypnotic
treatment. Many such cases have been reported. At the same time,
there are some subjects who soon resume smoking no matter how ex-
pertly they are hypnotized. Spiegel (1970)) Kroger (1976), Hall
and Crasilneck (1974) and others have reported various approaches
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to hypnotherapy in treatment of smoking, with results ranging
from 20% to 90%. There are several advantages to hypnosis over
other treatments for smoking. ‘It requires little or no equipment.
In favorable cases, the time demands upon both therapist and
patient can be relatively small. However, it is often necessary
to couple it with other forms of therapy and with aggressive
follow-up procedures to make sure that cessation is permanent.
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Smoking Problems: An Overview

Michael A.H. Russell, M.B., MRCP, MRCPsych.

"This is the ghost of normal everyday assumptions which
declares that the ultimate purpose of life, which is to
keep alive, is impossible, but that this is the ultimate
purpose of life anyway, so that great minds struggle to
cure diseases so that people may live longer, but only
madmen ask why. One lives longer in or&r that he may
live longer. There is no other purpose. That is what
the ghost says.”

Robert M. Pirsig, Zen and the Art of Motorcycle Maintenance,
1974.

At times | feel more akin to Pirsig’'s “madmen” than to the “great
minds” and although | have certainly devoted more tine to struggling
with the problems of preventing smoking related disease than to the
art of motorcycle maintenance, | still sometimes question which is
more important. For someone in this position there is clearly a
bias to seek a solution to the smoking problem by pursuing the goal
of safer smoking rather than that of abstinence and no-smoking.

DEFINING THE PROBLEM

In Britain, three out of four smokers either wish to or have tried to
stop smoking; yet it is doubtful whether more than one in four of them
succeeds in stopping permanently before the age of sixty (Royal Coll-
ege of Physicians, 1977). The position is probably similar in the
U.S.A. Thus, most people seem to smoke not because they want to but
because they cannot easily stop and for them smoking is obviously a
compulsive activity rightly classed among the addictive behaviors,
though possibly not, as Jerry Jaffe would have it, elsewhere in this
monograph, as a psychiatric disorder. Certainly it is a problem for
them.

A problem can be defined as the situation that exists when one’s path
to a particular goal is thwarted, and it is dispersed when one either
finds a way through and solves it or decides that the goal is not
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worth pursuing anyway. Smoking is a problem for two reasons: because
it is addictive and because it is harmful. Addiction is not a problem
per se. It only becomes a problem when one strives to overcome it,
and the main reason for wishing to overcome smoking is because it is
harmful . If it were not harmful there would be no need to stop, and
hence no problem. On the other hand, it it were not so addictive it
would pose little problem for it would then be far less difficult to
stop. It is the concurrence of both harmfulness and addiction that
accentuates the problem.

Part of our failure to resolve the problem of smoking results from
lack of clarity about our goals. For example, “How to stop people
from smoking” is really composed of two quite separate problems:

a) How to help people who want to stop; b) How to convince those
who do not want to stop that they ought to stop. One requires treat-
ment and guidance to overcome dependence, the other requires moti-
vational techniques. In our discussions we have not always kept this
distinction in mind. However, our major muddle is about the ultimate
goal. At times it has seemed that the ultimate goal is to prevent
and stop people from smoking. Yet this is merely secondary. The
primary goal is surely to reduce and prevent smoking-related disease.
If smoking were not so harmful there would be no need to stop and
prevent it. At this conference, we seem to have paid little more
than lip service to the goal of safer smoking as a practical and
realistic approach to the solution of the primary problem of how to
reduce and prevent smoking-related disease.

CHANGE IN SOCIAL CLIMATE

It is now 28 years since Wynder and Graham reported in the pages of
the Journal of the American Medical Association (Wynder and Graham,
1950) that tobacco smoking, especially cigarettes, “seems to be an
important factor in the induction of bronchiogenic carcinoma”. In
so doing they turned a pleasurable pastime into a major problem.

Since the 1950's, there have been all manner of anti-smoking campaigns,
in the press, on radio, on television, in schools-and at places of
work. Health warnings have been put on cigarette packets. With-
drawal clinics have been opened (and closed). There are frequent re-
ports in psychological journals of attempts to change smoking atti-
tudes and behavior, and almost every issue of medical journals con-
tains an article on some aspect of the harmful effects of smoking.
Restrictions have been imposed on smoking in certain public places.
Advertising of cigarettes has been banned on television in some
countries, and banned altogether in others.

What has all this achieved? It has certainly changed the social cli-
mate from one of approval to a general belief that people should not
smoke, so that now most smokers do at least want to stop even though
relatively few succeed. There has been, as Leonard Schuman and Leo
Reeder point out, a modest decline in smoking among men of middle-age
and high socio-economic status. But women and children smoke as much
as ever. Some 20 million Britons and almost 60 million Americans
still smoke. Yet one in three of them will die as a result of it -
or so we are told by the Royal College of Physicians in their latest
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report published in June of this year (1977).

So we have shown in this monograph that smoking is harmful (see Wyn-
der, Van Lancker), we have told smokers so and most of them accept
it (see Dorothy Green). Why then do they go on smoking? - due to
the Dependency Factor. It is this block that creates the problem.
Thus, while substantial progress has been made in public education
and motivational approaches, we have got virtually nowhere towards
our prime goal, because we cannot yet do much to help smokers over-
come their dependency.

THE DEPENDENCY FACTOR

Tobacco smoking is a form of drug dependence and the modem cigarette
is a highly efficient device for self-administering the drug nico-
tine (Russell, 1976b). By inhaling, the smoker can get nicotine to
his brain more rapidly than the heroin addict can get a "buzz” when
he shoots heroin into a vein. It takes only 7 seconds for nicotine
in the lungs to reach the brain compared with the 14 seconds it
takes for blood to flow from arm to brain. Furthermore, the smoker
gets a “shot” of nicotine after each inhaled puff. At 10 puffs per
cigarette, the pack-a-day smoker gets more than 70,000 nicotine shots.
to his brain in a year. It is hardly surprising that cigarette
smoking is so addictive.

Once in the body, nicotine is potent and varied in its effects. By
its sedative action it can literally “calm the nerves” and reduce
muscle tension especially in those who are anxious and worried. But
it is also a stimulant, helping to allay boredom and fatigue and

in some cases to improve thinking and concentration and the ability
to cope with stress. Above all smoking is a source of enormous
pleasure; though it is not clear how much this is due to some subtle
action of nicotine on the brain or to other factors such as the oral
aspects of its involvement in social rituals.

To assess nicotine intake simply in terms of the numbers of cigar-
ettes smoked, their nicotine yield, or even the number of puffs and
butt length at which the last puff is taken, is for present-day
standards far too crude. By regulating puff-rate, puff-size and the
amount of inhalation, a smoker is able to exercise an accurate and
almost instantaneous control over his nicotine dosage. Blood nico-
tine levels vary markedly between different smokers and range from
below 10 to over 50 nanograms per millilitre of blood. However,
any individual smoker obtains a fairly consistent level after each
cigarette, whether it is smoked in the morning or afternoon from one
day or week to the next (Russell, 1976b).

The role of nicotine and other factors is discussed in the etiology
section of this monograph. The degree to which smokers modify their
smoking pattern to regulate nicotine intake is uncertain (Russell,
1977 in press; 1978 in press). Murray Jarvik's paper expresses
doubt that tar alone could be rewarding at all and suggests his co-
factor hypothesis to explain this. However, it is not clear why he,
should object to interpreting any reinforcing value of tar as due
to secondary or conditioned reinforcement arising from the frequent
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and close association with nicotine.

People take up smoking, usually in adolescence, for a variety of
psychosocial reasons - to look “tough” or “grown-up” or because
“most of their friends smoke”. Indeed at this stage the effect of
nicotine is usually unpleasant rather than pleasant. But tolerance
soon develops to the unpleasant side-effects and, as this threshold
is passed, increasing amounts of nicotine get inhaled so that the
smoker progresses almost inevitably to a stage of dependence. Just
how easily this occurs is shown by the startling statistic that of
those teenagers who smoke more than one or two casual cigarettes only
15% will avoid escalating to regular dependent smoking (McKeMell and
Thomas, 1967).

Once a smoker - always a smoker! This is only a slight exaggeration.
As mentioned already, it is unlikely that more than one in four
smokers succeeds in giving up for good before the age of sixty. But
this is not through lack of trying. Three out of four smokers either
wish to or have tried to stop smoking, and continue simply because
they cannot easily stop. In other words, they smoke because they
have become addicted. It is only a small minority - 2% according to
one study (ibid.) - for whom smoking is a take-it-or-leave-it affair,
and who limit themselves to intermittent or occasional smoking, once
or twice a week or less.

In essence the term “dependence” or “addiction” refers to a state in
which the urge or need for something is so strong that the individual
suffers or has great difficulty in doing without it, and in extreme
cases cannot voluntarily stop using it when it is available. Tobacco
smoking clearly falls into this category, and few other forms of
drug-taking are as addictive as the puff-by-puff shots of nicotine
obtained by smoking cigarettes. Not with alcohol, cannabis and possi-
bly even heroin is the addiction so easily acquired. For most people,
to smoke cigarettes at all is to become dependent. Cigarette smoking
is clearly a drug addiction problem. Until this is understood we can
make little headway towards a solution.

WHY CIGARETTE SMOKING IS SO ADDICTIVE

In view of the practical implications it is worth digressing to con-
sider some of the possible reasons why cigarette smoking is so addic-
tive, but in this difficult area one cannot do more than make sugges-
tions . The opponent process theory presented so clearly by Joseph
Ternes in these pages is ingenious but I must confess to my failure so
far to study it sufficiently closely to assess its application to
cigarette smoking. The suggestions here are based on a more tradi-
tional and straightforward learning theory approach.

This is not the place to discuss the nature of dependence or addic-
tion, nor to go into a semantic and conceptual clarification of phy-
sical versus psychological dependence. More detailed consideration
of these issues can be found elsewhere (Russell, 1976b; Russell,
1976¢). | have used the terms "dependence” and “addiction” inter-
changeably to refer the urge or need for an object or activity. How
high a degree of dependence is required before it is labeled as a
“dependence order” or “addiction” is somewhat arbitrary. Furthermore,
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pharmacological rewards both primary (e.g., stimulant, euphoriant,
anxiety-reducing actions) ‘and acquired (relief or avoidance ‘of phy-
sical withdrawal effects) are really no more than one class of rein-
forcer, just as psychological rewards or social pressures are other
classes. The degree of dependence on a particular object or activity
is governed by its power as a positive reinforcer rather than the
class of reinforcement it provides. Thus, strong psychological or
social rewards will make for a higher degree of dependence than weak
pharmacological ones. If the term addiction is used to denote strong
dependence, it need not be restricted to refer only to strong pharma-
cological needs but could equally apply to strong psychological needs,
as in the case of addiction to gambling or television viewing.

Reference has already been made to the very rapid and very numerous
pharmacological reinforcements afforded by the puff-by-puff nicotine-
bolus form of intake from inhaled cigarette smoking. This is un-
matched by any other form of drug-taking, and is further enhanced by
the rapid clearance and metabolism of nicotine. Its short half-life
in blood and brain allows repeated and frequent use without loss of
effect. It also produces a sharp “let-down” from those effects which
depend on a direct action.

The wide variety of reinforcements is again unmatched by other forms
of drug-taking. As Jarvik has mentioned, smoking doses of nicotine
produce a whole array of effects both centrally and peripherally
which could be highly rewarding. Added to these are the various
psychological and social rewards which operate mainly in adolescence
to determine the onset of smoking (Royal College, 1977; Russell et al.,
1974).

Perhaps the most important reason for the high addictive potential of
cigarette smoking is that it does not impair performance. Unlike al-
cohol and many other drugs of dependence, nicotine enhances rather
than impairs the capacity of normal people to work and socialize.
There are, therefore, no immediate negative consequences. All the un-
comfortable health consequences are, for most smokers, extremely re-
mote in time and are therefore of weaker influence. Indeed, most
smokers do not stop until the motives to stop are strengthened by
being experienced in the here-and-now as occurs, for example, with a
current health problem, or financial crisis, or when in a non-smoking
environment .

Another reason is the relative social acceptability of smoking. Al-
though the social climate has changed, cigarette smoking is still, in
most social circles, far more acceptable than use of other drugs, with
the exception perhaps of tea and coffee, or sleeping pills (taken at
night but not by day), or tranquilizers which are medically prescribed.
It is, for instance, more acceptable to smoke than to drink in the
morning. Smoking is acceptable in most social settings and this
enables the conditioning of numerous environmental cues to smoke.

The wider social acceptability is obviously partly linked to the fact
that performance is not impaired.
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Another factor is its availability. In modem societies, cigarettes
must be. one of the most ‘readily available of all ‘commodities - sec-
ond only to water or the air we breathe. The availability is also
linked to low financial cost. Two packs a day is a good deal
cheaper than a bottle of gin.

Finally, cigarette smoking combines a pharmacological effect with a
sensorimotor ritual. The ritual involving virtually all the senses
provides an elaborate network of sensory and motor stimuli to act
as substrates for secondary conditioning. The intimate involvement
of the mouth no doubt also contributes strongly, for few other areas
even approach the mouth as a locus of pleasurable self-indulgence.

PREVENTION OF RECRUITMENT TO SMOKING

The analysis of the smoking problem discussed so far has suggested
that the motivational approaches employed by anti-smoking educational
campaigns have succeeded in changing the social climate to a general
belief that people should not smoke, so that most smokers would in-
deed like to stop but are prevented by their dependence on nicotine.
This is difficult to reconcile with the continuing high incidence of
recruitment of new smokers among teenagers at school and soon after
leaving school. They are not yet affected by the dependency factor
but are, nevertheless, taking up smoking at a younger and younger age.
In Britain, some children begin to smoke at 5 years of age, and it
has been found that about one third of adult smokers began before
they were 9 (Royal College, 1977). Why have anti-smoking campaigns
been successful in motivating (though not enabling) adults not to
smoke, but failed with children?

There must be some very powerful psychosocial motives to smoke which
operate in children but not in adults. Part of the answer may be as
follows. During the adolescent stage of personality development two
important processes operate to determine life-style and behavior.
One is modeling and identification with adults; the other is rebel-
liousness against adults to assert one's own self vis a vis the kind
of person adults want one to be. Now, smoking can be used symboli-
cally to serve either of these major needs, both of which are of far
more immediate concern to the teenager than possible negative health
consequences many years later. One implication of this interpreta-
tion is that as long as there are adult models who smoke, children
will continue to take up the habit.

TREATMENT FOR SMOKERS

Those who have worked in a withdrawal clinic or had anything to do
with helping people to stop smoking know how hard a task it can be.
Attention has been drawn to the striking similarity in the relapse
rates after treatment for smoking, alcoholism and addiction to heroin
(Hunt et al.. 1971). At the Smokers Clinic at the Maudsley Hospital
we have had direct-experience with more than 500 clients (Russell,
1977). We have tried hypnosis, lobeline tablets, electric aversion,
tranquilizers, beta blockers, covert sensitization, nicotine and
lobeline aerosols, satiation procedures, nicotine chewing gum, rapid
smoking, and cue exposure. We have treated people individually or

18



in small groups. We have oscillated from behavioral methods to
drugs and back again. We have not had a break-through.

Our results have been similar to those of other workers as outlined
by Jerry Schwartz elsewhere in this monograph. About 60-80% of par-
ticipants have stopped by the end of treatment, but the success rate
at one year follow-up dwindles to 20-30% depending on the base. We
have, however, learned that if a smoker &es not stop or almost stop
within one to two weeks, it is not worth carrying on with the treat-
ment (Russell et al.,, 1976). No treatment method has, in our hands,
had a strong specific effect with much advantage over placebo and
simple support plus record-keeping. But this is not as discouraging
as it sounds, for the attention-placebo effect itself can be quite
strong, which suggests that it might be worth developing and deliber-
ately enhancing it rather than discounting it. It is after all the
only positive smoking treatment effect which has been universally and
unequivocally demonstrated.

Schwartz's review focuses mainly on comparisons between different
studies and different forms of treatment. He believes that the re-
sults are beginning to show an improvement. However, this does not
necessarily mean that treatment methods are improving; it could
equally well be due to the selection of greater numbers-of better
motivated and less dependent subjects. In my view, most of the vari-
ation between studies is due to differences in the subjects treated
rather than the effectiveness of the treatment methods used. Indeed,
it is virtually impossible to make valid comparisons between treat-
ment methods which are not based on random assignment of subjects
after identical sampling and selection procedures. In other words,
straight comparisons between different studies done at different
centers using different types of subjects and different selection
procedures are virtually meaningless.

At our clinic, for example, all subjects go through quite a pro-
tracted assessment involving questionnaires, a clinical interview and
at least a week of base-line record-keeping before being taken into
a treatment trial. About half of them drop out during assessment and
do not even start treatment. Our results have been based on those
who start treatment and would be only half as good (or twice as poor)
if based on those who attended the initial assessment interview. Our
approach is geared for testing and comparing treatment methods within
our own samples, but not for direct comparison of success rates with
those of other workers. Besides attracting and using different kinds
of subjects, different centers use different selection procedures and
different bases for their success rates. For example, walk-in clinics
are at a disadvantage if they use all first attenders as their base,.
On the other hand, some studies base their results only on those who
complete treatment.

Another problem regarding the assessment of treatment efficacy is
frequently overlooked. While many studies use attention-placebo con-
trols, very few include no-treatment controls, possibly for ethical
reasons. As mentioned above, we have not yet found a treatment method
which produces better long-term results than attention-placebo con-
trols, but our attention-placebo controls have always done substan-
tially better than no-treatment controls whose success rate among
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our subjects is about 5%. It is only by comparison with no-treat-
ment controls that any valid assessment of treatment efficacy can
be obtained. When this is done the true success rate at one year
follow-up seldom exceeds 15-25% at best, and virtually all of this
effect is due to attention-placebo response.

Though one might view 15-25% as a worthwhile success rate, the lack

a specific treatment effect after some twenty years of research effort
is a sad reflection on behaviorist and pharmacological skills. Apart
from the limitations of the treatment procedures, the poor results are
probably largely due to the fact that it is usually the most difficult
cases who seek treatment. Anti-smoking procedures have been tested
mainly on two kinds of subjects. On the one hand are the extreme
cases who attend withdrawal clinics. They tend to be neurotic,

highly dependent and beset by other problems. The other main source
of subjects are groups of first year social science students who may
not be so dependent but have little motivation for permanent abstin-
ence .

The situation is well illustrated by the Allen and Fackler Study of
parents of Philadelphia school children (1967). Questionnaires were
sent to 30.796 parents: 21.553 were returned: 11.477 of these were
smokers of 'whom 4,775 expressed a desire to stop-smoking. These were
offered treatment but only 150 attended the withdrawal clinic. Sixty-
four of them stopped smoking but at one year follow-up only thirty-
five were still abstinent. Only thirty-five ex-smokers out of more
than 30,000 contacts; and who is to say that these thirty-five would
not have stopped on their own without the intervention? However,

the main lesson of this study is the small and probably highly biased
sample of 150 (3%) who attended the clinic, out of 4,775 smokers who
wanted to stop.

SOME NEW APPROACHES TO TREATMENT

The traditional clinic approach typically involves the application of
intensive, relatively costly and largely ineffective treatments to
highly selected, small and rather unpromising groups of smokers. In
my opinion, this is for practical purposes a waste of time. Its only
justification is as a research tool to seek better methods and to in-
crease understanding of the problems involved. A change of strategy
is required. We are beginning to explore the following four appro-
aches :

(i) Because of the large numbers, literally millions, of smokers
who require help to overcome their dependence, for treat-
ment to be effective at a national level it must be simple
to administer and economical of therapists’ time. Ideally,
the focus should be on the development of self-treatment
packages and methods suitable for use on the mass media.

A success rate of only 10% achieved by these methods would
be more useful than a 100% success from electric aversion
requiring fourteen 45 minute individual sessions. The dev-
elopment of brief simple methods which could be used by
family doctors, occupational health nurses, etc.,, during the
course of their everyday practice would also be fairly cost-
effective. 2



(ii) To gain access to more “normal” smokers with better pros-
pects of success. This approach obviously dovetails with
the' first approach, since mass media, family doctors, etc.,
enable contact to be made with a wide range of smokers.
Active intervention at the place of work as suggested by
Wynder in his paper is another way to achieve this.

(iii) To focus on preventing relapse as much as on achieving
initial abstinence.

(iv) To tailor the treatment to the individual smokers parti-
cular problem: e.g., pharmacological vs. psychological,
lack of motivation vs. high dependence.

DEPENDENCE AND MOTIVATION TO STOP

To clarify the problem of stopping people smoking, it is helpful to
have in one’s mind a simple two-dimensional model. It seems that
there are two main dimensions of relevance - Dependence and Motiva-
tion to stop. Some people do not stop simply because they are not
motivated. Others are motivated but fail because they are highly
dependent. There is not much point offering treatment to someone
low on motivation because he is unlikely to come and get it. Neither
is there much point merely trying to motivate someone who is already
highly motivated but continues smoking only because he is highly
dependent.

Yet this is precisely what happens at many withdrawal clinics. Their
clients are usually highly motivated already, but they are neverthe-
less shown films and given leaflets on the dangers of smoking;-they
are told endlessly how much their smoking is costing them financially
and how much better they would feel if they stopped. For good mea-
sure, pictures or even a specimen of cancerous lung in a bottle is
sometimes handed around. It is not surprising that they fail, for
they are simply being told things they already know and which have
already motivated them to take the. trouble to go to a clinic. They
are already motivated and what they need is not to hear what they
already know but to receive help and guidance with overcoming their
dependence. Paradoxically, the other commonly used target group for
testing anti-smoking procedures, young psychology students, usually
receive behavioral methods designed to overcome dependence, yet

their principal problem is low motivation rather than high dependence.

It is suggested that an attempt is made to assess a smoker's degree of
dependence and motivation to stop and to then apply the appropriate
techniques for that smoker’'s problem, as demonstrated in Figure 1.

It should, however, be emphasized that this two-dimensional model has
not yet been fully validated, nor have satisfactory scales been dev-
eloped for the measurement of Dependence and Motivation to stop.
Furthermore, the two dimensions are not orthogonal or independent

as shown in the figure but tend to be positively correlated.

MOTIVATIONAL APPROACHES
Motivational techniques are Only appropriate for those who require

motivation. This is not the place, nor am | the person, to outline
21



FIGURE 1
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Smokers Smokers
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\
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Figure 1. Two-dimensional model showing motivational (A) and treat-
ment (B) approaches to smoking cessation. Consonant smokers are
those who are quite happy about their smoking and have no wish to
Stop. Dissonant smokers are the ones who would like to stop and may
have tried but who continue smoking because they are dependent on it.
The two term were first used to categorize Smokers by McKennell and
Thomas (1967). About 75% of cigarette smokers in Britain are dis-
sonant smokers. According to the model, Smokers who are low, on de-
pendence and also low on motivation to stop require only a motiva-
tional approach (A); once motivated they are able to stop without
much difficulty and without requiring treatment. Highly dependent
smokers who are also motivated require a treatment approach (B) to
overcome their dependency. Highly dependent Smokers who are not
motivated to stop require both approaches, A and B. Logically, any-
one who falls well into the lower right corner of the figure should
stop smoking.
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the complexities. and problems involved in developing more effective
techniques of persuasion. But these approaches to the problem of
smoking deserve high priority because of their potential to be ef-
fective on a large scale and even at a national level. They have
this great potential for two reasons. First, they can be used not
only on individuals and small groups, but also on a large scale via
the mass media such as television or even by legislative action as
in raising the price of cigarettes. Because of the large numbers of
smokers involved a relatively small effect becomes worthwhile in
terms of overall numbers. A second reason why motivational appro-
aches are potentially so useful is that they can be applied to the
mildly dependent, poorly motivated (consonant) smokers who have bet-
ter chances of success though they would never go near a withdrawal
clinic.

Figure 2 shows how smokers can be effected through their purses and
their pockets. There is a strong inverse relation between changes in
the price of cigarettes and their rate of consumption. When the
price rises consumption falls and vice versa. For every 1% increase
in price, consumption falls by about 0.6% and the negative correla-
tion between the two is as high as 0.9. Price changes accounted for
about 80% of the changes in cigarette consumption by men in Britain
over the 25 years between 1946 and 1971 (Russell, 1973). So far,
this powerful tool has been used to raise revenue rather than to pro-
mote health.

Another way to make contact with large numbers and all kinds of smo-
kers is through their family doctors. Over 90% of the population in
Britain visit their General Practitioners (Family Doctors) at least
once over a five year period so that Britain’s GP's are collectively
able to make contact with some 18 million of the 20 million smokers
in Britain. We are, at present, analyzing the effect of simple but
firm advice to stop smoking given on a single occasion by GP’s in
their own individual style, to all patients who smoke cigarettes
over one or two minutes’ of a routine consultation. At one year fol-
low-up 19% stopped smoking compared to 11% of controls who received
no advice. The effect may not be large, but the intervention was
minimal and could be applied to large numbers. If all the 20,000
plus GP’s in Britain were to persuade even one patient a week to
stop smoking, the yield would be more than one million ex-smokers a
year. To equal this it would be necessary to set up 10,000 with-
drawal clinics each having a 33% success rate with 300 subjects a
year. The effect of GP’s could be greatly enhanced if they could be
persuaded to supplement the motivational technique of advice-giving
with some form of cost-effective treatment approach such as support
or nicotine chewing gum; similarly a motivational program on tele-
vision would probably be much more successful if followed by some
guidance on self-treatment.

To summarize so far, motivational approaches have changed the social
climate but smokers’ attempts to stop smoking have been blocked by the
dependency factor. Traditional treatment approaches have failed
partly through lack of an effective method with a clear-cut specific
(as opposed to attention-placebo) effect, but mainly because they
have been applied to the most difficult cases. It is suggested that

23



FIGURE 2
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more smokers could be persuaded and helped to stop smoking if the
motivational and treatment approaches were dovetailed by the use of
mass media and other approaches to bring relatively simple but more
cost-effective treatment procedures, as well as motivational tech-
niques, to bear on large numbers and all kinds of smokers.

SAFER SMOKING

There are four ways to reduce smoking-related illness and premature
death in a population: (i) reduce ‘the number of people who smoke;
(i) identify individuals at high risk of developing illness from
smoking so that they may stop or reduce their intake; (iii) reduce
the dose of smoke taken in by those who do smoke; (iv) identify and
reduce as far as possible the harmful components of tobacco smoke.

The first approach has so far clearly failed and will, in my view,
continue to fail over the foreseeable future, certainly on any worth-
while scale. The satisfaction of smoking and the difficulty of stop-
ping are simply too great, and for most smokers outweigh the health
risks. It has been impossible to eradicate tobacco use in any free
society throughout four centuries. Its use is, therefore, likely to
continue at least until there is some other drug substitute for nico-
tine or some major socio-cultural or religious change outlaws self-
gratification.

The second approach is also limited. Although there is some hope that
it may one day be possible to identify smokers who are especially
liable to get lung cancer, bronchitis and emphysema, there is no guar-
antee that such individuals would then give up smoking. It is already
known that people with hypertension, diabetes or high blood lipids
have an increased risk of complications if they smoke, yet such know-
ledge does not always deter them. In one study of smokers who had
been hospitalized for myocardial infarction only 62% were persuaded

to stop smoking despite the intensive efforts of the consultant car-
diologist and his team which included involvement of the patients’
fami)lies and regular home visits for as long as a year (Burt et al.,
1974).

The third approach is quite complex and depends more on the inhalation
pattern than crude consumption in terms of the number of cigarettes
smoked. Cigarette smokers appear to have almost as much difficulty
reducing consumption as they do in stopping altogether. To bring
about a major reduction in the number of cigarettes smoked per smoker
in a substantial proportion of the total smoking population would be
a tremendous undertaking involving all the motivational approaches
such as mass communications and price increases which have been out-
lined as measures to stop people smoking. Furthermore, it would not
be very helpful if people smoked fewer cigarettes but then inhaled
them more deeply and smoked them to a shorter butt length. The re-
duction in the numbers of cigarettes smoked per smoker does not,
therefore, appear a very fruitful, goal for the foreseeable future.
Pipe and cigar smoking have been shown on epidemiological evidence

to be safer than inhaled cigarette smoking. This suggests that it
might be possible to engineer a reduction of inhalation of cigarette
smoke by raising the pH and the yield of relatively harmless irritants.
However, it is doubtful whether a population hooked on puff-by-puff
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inhaled nicotine boli would be sufficiently satisfied by the slower
absorption of nicotine through the mouth and nose to refrain adequ-

ately from inhalation.

The fourth way to reduce smoking-related illness is to reduce the
harmfulness of tobacco smoke and this applies particularly to the
development of safer cigarettes.

SAFER CIGARETTES

The obvious approach to safer cigarettes would seem to be to identify
and then reduce the harmful products in the mainstream smoke, but it
is not quite so straightforward. Of the many harmful components of
cigarette smoke, the tar is probably most lethal and is generally
held to be responsible for cigarette-induced lung cancer and bronch-
itis (Royal College, 1977). A case is beginning to emerge for attri-
buting to carbon monoxide (Co) the increased risk of coronary heart
disease among cigarette smokers (lbid.). The amount of damage caused
by other toxic components is less clear, though a number would seem
to warrant attention. These include hydrogen cyanide, phenols, al-
dehydes, acrolein, oxides of nitrogen and sulphur, ammonia, hydrogen
sulphide, nitrosamines, and toxic metals. Few would argue that cig-
arettes would be less harmful if the yields of all these poisons were
substantially reduced.

What about nicotine? There is no firm evidence that it is harmful in
smoking doses, though it has not been cleared of contributing to car-
diovascular pathology. Owing to this doubt it is certainly desirable
that smokers take in as little nicotine as possible. Rut, as has been
discussed above, there is some evidence that nicotine is the primary
addictive component of tobacco. If this is so, it is not really fea-
sible to lower the nicotine yields of cigarettes beyond the minimal
requirements of smokers. In theory, as long as sufficient nicotine
is present, reduction of all the other harmful constituents to very
low levels would be tolerated by smokers. In practice, some adjust-
ment may be necessary to changes in and loss of flavor contained in
the tar. The key to safer cigarettes, therefore, lies with nicotine;
and two crucial questions remain unanswered. These are a) how much
it controls the smoking habit, and b) how harmful it is.

THE LOW-TAR, LOW-NICOTINE APPROACH

The tobacco industry has made considerable progress in reducing the
harmful substances in cigarette smoke. This has been achieved in a
variety of ways including use of selected strains of tobacco plant,
changes in agricultural and curing procedures, use of reconstituted
sheets, incorporation of tobacco stalks, reduction of the amount of
tobacco needed to fill a cigarette by expanding it (like puffed wheat)
to increase its “filling power”, and by the use of filters and high-
porosity wrapping papers. By such means tar and nicotine yields of
cigarettes have been substantially reduced over the past 10-15 years
and more importantly the carcinogenicity of the tar per unit weight
has also been decreased. Wynder, in his paper, presents some epi-
demiological evidence which suggests that the risk of lung cancer
may be lower as a result of these changes, but this conclusion is,
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at present, only tentative, as the smokers who changed their cigar-
ettes were self-selected.

Somewhat in the wake of the tobacco industry, health authorities be-
gan to take an interest in lowering the tar and nicotine yields of
cigarettes. At the Second World Conference on Smoking and Health
(London, 1971) Wynder chaired a workshop on less harmful ways of smo-
king. In his summary recommendations to the Conference, he declared -
“The manufacturer should be encouraged to produce cigarettes with in-
creasingly lower tar and nicotine yields "(Richardson. 1972). In a
contribution to that workshop Gori stated that “a cigarette can be
called less hazardous if it delivers the least tar and nicotine per
cigarette” (Gori, 1972). 1 can recall making a cautionary comment
from the floor of that conference that excessive lowering of the nico-
tine yield might lead to a counterproductive compensatory increase in
the degree of inhalation (Richardson, 1972, p. 52).

Experimental work since this time, some of it outlined by Jarvik in
his paper, has shown that just as a drinker tends to drink a larger
volume of beer than of wine or spirits, so many smokers tend to modi-
fy their smoking pattern inversely according to the strength of the
cigarette being smoked. In contrast to the standardized puffing of
the smoking machines on which the tar and nicotine yields are based,
when the smoker switches to a low-tar, low nicotine cigarette, he
smokes more cigarettes, takes more puffs and inhales more deeply.
Conversely, when smoking a high-tar, high-nicotine cigarette there is
a tendency to smoker and inhale less. We cannot, therefore, be sure
that the reduction in tar and nicotine yields of cigarettes from sales-
weighted averages of around 30mg and 2mg respectively in the 1960's
to current average levels of about 18mg and 1.2mg have been matched
by a proportionate reduction of intake into smokers’ lungs. Indeed,
average consumption per smoker has increased over this period and
this is but one rather crude index of smoke intake. It is possible
that the reduced hazards suggested by epidemiological studies are due
to the reduced carcinogenicity of cigarette smoke rather than the
lowering of tar and nicotine yields.

Adjustment to the reduction in tar and nicotine yields of cigarettes
to present-day levels has been relatively easy for smokers. Little
persuasion was needed for smokers to switch from plain to filter-tip-
ped cigarettes. Over the past two or three years, however, the rate
of decline seems to have slowed, despite intensification of the cam-
paign to encourage smokers to switch to low-tar cigarettes. In Bri-
tain, most of the reduction of tar yields was already achieved by
April 1973 when the official tar and nicotine tables were first pub-
lished (Figure 3). It happened before the public was really aware

of any differences between brands. We now seem to have encountered
a kind of “acceptability barrier” at yields of around 10-14mg of tar
and 0.8 - 1.Omg of nicotine, and it looks as though it is going to be
a difficult task to persuade a majority of smokers to get very much
below these levels. Tobacco manufacturers can and indeed do produce
cigarettes with tar and nicotine yields which are so low as to be
negligible. The trouble is that hardly anyone smokes them, and those
who do are probably non-inhalers anyway so that it matters little what
they smoke.
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FIGURE 3
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Figure 3. Changes in average tar and nicotine yields of British
cigarettes, 1935-76, and projected changes for reducing tar intake
to 33% of 1976 level by following the present low-tar, low-nicotine
approach, or by adopting a new low-tar, medium-nicotine approach.
Relatively little change has occurred since 1973 when Government
tar and nicotine tables were first' published. (see reference 19).
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| believe that the reason why it has been relatively easy to bring
smokers down to: this barrier is’ because’ it ha's’ not really required
them to reduce their tar and nicotine intake. They have simply ad-
justed by taking larger puffs, one or two more puffs, a few more cig-
arettes and inhaling more deeply. All this has been relatively pain-
less, and largely unconscious. But there are limits to the number of
puffs a cigarette will give and it becomes uncomfortable and awkward
to increase the puff volume above about 60ml.. Thus, the “acceptabil-
ty barrier” may be set by the capacity of smokers to adjust their
smoke intake in these ways. After this a different form of adjustment
is demanded. This involves the smoker adjusting to a lower dose of
smoke, and this is a far more difficult task. It brings the smokers
once again into confrontation with the Dependency Factor which, as
discussed above, has blocked substantial progress after two decades
of campaigning to get people to stop smoking.

To simply pursue the low-tar, low-nicotine approach to safer smoking
by ever-increasing exhortation will, in my view, prove as frustrating
as the campaign to stop people smoking. At the Third World Conference
on Smoking and Health, in New York in 1975, an enthusiastic workshop
chaired by Wynder was devoted to less hazardous cigarettes. Low-tar,
low-nicotine cigarettes were strongly advocated. Possibly because
no social scientists were invited to this workshop, in the 553 page
report (Wynder et al., 1976)) “consumer acceptability” is paid little
more than lip-service in the form of one or two passing allusions.
Certainly no systematic attention was given as to how the Dependency
Factor is to be overcome or by-passed to enable use of safer cigar-
ettes to become a reality.

THE LOW-TAR, MEDIUM-NICOTINE, APPROACH

Tar and nicotine yields of present-day commercial cigarettes correlate
highly, 0.9 or more. We cannot, therefore, be sure that the changes
in smoking pattern discussed above are induced by a need to regulate
nicotine intake rather than tar intake. Though it is by no means
proven, it is probable that nicotine is the primary addictive agent.
If this is so, to expect people who cannot stop smoking to smoke cig-
arettes with hardly any nicotine is illogical. Owing to the high cor-
relation of tar and nicotine yields in present-day cigarettes, a smo-
ker cannot switch to a cigarette with a very low tar yield without
having to put up with a very low nicotine yield, and this he simply
will not do. | have suggested (Russell et al., 1973b; Russell, 1976a)
that we should aim at lowering the yields of tar, CO, and all the
other harmful components of cigarette smoke, but that the nicotine
yield should be kept medium or even high. This approach requires
that emphasis be placed on the ratio of tar to nicotine yields as well
as on the absolute yields.

The difference between the present low-tar, low-nicotine approach and
the new low-tar, medium-nicotine approach which | am suggesting is
shown in Figure 3. The figure illustrates the situation in Britain
and shows how the two approaches would operate to achieve a reduction
of the national sales-weighted average tar yield of cigarettes to a
hypothetical target of one third of the present level. To achieve
this by following the’ traditional low-tar, low-nicotine approach
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with its highly correlated tar and nicotine yields would require a
concurrent reduction of average nicotine yields to around 0.4mg. In
my opinion, this is so far below the present acceptability barrier
of most smokers that it would involve a long drawn-out, painful and
frustrating campaign covering at least ten to twenty years. On the
other hand, with the new low-tar, medium-nicotine approach the pre-
servation of adequate nicotine levels would enable smokers to make
a rapid and relatively painless adjustment which could no doubt be
facilitated by the incorporation of tar-free flavors and other ad-
ditives . The technology is available to do this and by these means
the target might be achieved within five to ten years.

It has surprised me to find how resistant other workers in the Smoking
and Health field can be to this concept. A frequent immediate res-
ponse is to say that nicotine may not be completely safe as though
this negates the whole thesis. Apart from those in the tobacco in-
dustry, very few have shown immediate recognition of the potential
import of this approach. These few include G. F. Todd, former Dir-
ector of the Tobacco Research Council in London, Edward Brecher, a
lay writer (1976), Stanley Schachter (1977 in press), and Gio Tori,
whose recent prescription for a safer cigarette is highly pertinent
(1976). My own reservations about this approach are (i) that it de-
pends above all on the importance of nicotine as the main determinant
of dependent smoking and this is still uncertain; (ii) that we do not
know whether or not nicotine is harmful in smoking doses taken with
minimal amounts of Co; (iii) that the safer it becomes to smoke, the
less incentive there will be for smokers to stop, so that a successful
safer cigarette might have a counterproductive effect on the preva-
lence of smoking. The first two problems can be elucidated by re-
search but the third could be more difficult.

Because so many people seem to find it difficult to accept the low-tar
medium-nicotine approach, it might be helpful to illustrate it with
the following analogy. Supposing that some common disease like arth-
ritis were found to be strongly associated with alcohol intake, and
that this were due to the presence in alcoholic drinks of excessive
quantities of some trace metal like nickel. Would the solution be to
advocate another “Prohibition”? Certainly not. We would seek, surely,
to remove the offending metal from alcoholic drinks. There would be
no problem about implementing this because people drink for the effect
of alcohol, not for the metal; so that the disease caused by the metal
could be eliminated, or at least greatly reduced, almost at a stroke.
Would it be reasonable for us to hold back simply because preventing
the disease by removing the metal would not at the same time reduce
the diseases and social ill consequences caused by the alcohol itself?
Again, certainly not. To extend the analogy further, supposing in
this hypothetical situation, a high correlation were found between the
alcohol content and metal content of drinks. Would we waste time by
exhorting people to drink beer rather than spirits or, even more ludi-
crously, expect them to switch to, quarter strength shandy (a mixture
of beer and lemonade usually mixed SO/SD) and to take it in small
amounts, by small sips, from small glasses, as if they were still
drinking spirits? This might seem ridiculous, yet it is precisely
what we have been doing about smoking. The current approaches to the
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smoking problem are either to take the path of no-smoking or pro-

hibition, or, on the other hand, to adopt, the low-tar, low-nicotine

approach which is analogous to the quarter-strength shandy approach.
TABLE |

Approaches to Reduce National Tar Intake by Two-Thirds

1) Reduce the prevalence of smoking by 66%
2) Reduce the consumption of smokers by 66%

3) Reduce Tar/Nicotine yields by 66% from the present
mean of 18/1.2 to 6/0.4
(vields are in mg per cigarette)

4) Reduce the Tar/Nicotine ratio by 66% from the present
mean of 15. to 5. This could be achieved by the
following combinations of Tar/Nicotine yields:

6/1.2, 18/3.6, 12/2.4, 9/1.8, 4/0.8.

The four possible approaches to reduce smoking-related disease are
shown in the table above, using as an illustration the target of sec-
uring a two-thirds reduction in national tar intake. The same prin-
ciples would apply to other harmful components, except for nicotine
which would not be amenable to the fourth approach. | believe that
the fourth approach is the most feasible and, furthermore, in carrying
it out would not be necessary to discontinue the first two approaches.

SUMMARY AND CONCLUSIONS

1) The problem of stopping people smoking is presented in the context
of two main dimensions - their degree of motivation to stop, and
the strength of their dependency on nicotine.

2) Anti-smoking campaigns using motivational approaches have succeeded
in changing the social climate to a general belief that people
should not smoke. However, smokers attempts to stop have been
blocked by the dependency factor.

3) No cost-effective way has yet been found for helping smokers to
overcome their dependence. No treatment method has been shown to
have a specific effect on reducing smoking in the long-ten, and
all the positive effects of treatment are due to its attention-
placebo element.

4) One reason why treatment fails is that it is usually applied to
selected groups which include either the most highly dependent
(withdrawal clinic) or poorly motivated (social science students)
smokers.

5) It is suggested that motivational and the more cost-effective treat-
ment procedures should be synchronized and applied,-via mass-media
and other approaches such as family physicians, to large popula-
tions of “normal” smokers. The emphasis should be on seeking a
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modest success rate among large samples using cost-effective
methods,-rather than high success rates from elaborate methods
in small samples.

6) Since it is almost inevitable that tobacco use will continue at a
substantial level whatever is done to stop or reduce it, research
into safer forms of smoking should receive the highest priority.

7) People smoke for nicotine but die from tar., CO and other toxins.
The most logical approach to safer cigarettes is to seek to iden-
tify and then reduce the yields of all harmful components, but to
maintain an adequate nicotine yield to be acceptable to the smoker
and to keep down his smoke intake.
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Patterns of Smoking Behavior
Leonard M. Schuman, M.D.

INTRODUCTION-HISTORICAL

In the long anthropologic history of man the wholesale adoption by
Western European culture of the habit patterns in the use of
tobacco is relatively quite recent. As is well known, the
flowering of the Renaissance and its stimulus on the powerful
urge for exploration and discovery led, within about 100 years,
to the opening of the New World, the discovery of the use of
Nicotiana tabacum by the American Indian and its introduction
into Europe by 1558. Thus the habit pattern which European man
adopted is but 400 years old. Less than 60 years later tobacco
had became, in turn, a staple agricultural community in Virginia
and its principal currency. With the burgeoning of the migrant
population to the Americas tobacco culture expanded rapidly both
societally and agronomically.

Relatively reliable historical data on tobacco products in the
United States are available through the records of the U.S.
Department of Agriculture which, along with the records of
production, compiled by the Internal Revenue Service for tax
purposes, provide estimates of per capita consumption of such
products. These data are available in this form only from 1880
but will suffice for our purposes. Figure 1 presents the trend in
annual tobacco products consumption in pounds of tobacco
(unstemmed-processing weight) per person over 14 years of age
(Milmore and, Conover, 1956). The relative stability of consumption
of all tobacco products combined as compared to some of the
individual products is quite notable, even though the overall
consumption was actually 2.2 tin-es as great in 1954 as in 1880.
The individual form of use of tobacco have varied considerably
over time, however.

It will be seen that, whereas prior to the end of World War |
chewing of tobacco was the principal modality of use, cigarettes,
and particularly pre-fabricated cigarettes, became the principal
form of tobacco use from the decade of the 1920's onward. Thus
the wide scale adoption of cigarettes smoking is an even more
recently acquired habit.
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Figure 1. Tobacco products, unstemmed-processing weight: Consumption per person over 14 years of age,
United States, 1880-1954
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The consumption curve for cigarettes reveals several interesting
slope trends. The precipitous rise in consumption from 1910 to
1930 was followed by a virtual slowing of the annual increases
until World War Il when a precipitous increase ensued once more.
There is good evidence from increases in use of "smoking tobacco"
in that period that pipes were not the only modality of tobacco
consumption in that category but that "roll-your-own-cigarettes"
accounted for 46% of this category, particularly during the Great
Depression of 1933-40 (Milmore, 1956). Economic necessity was the
"mother of invention" but had little if any impact on the overall
tobacco consumption trend (see Figure 1).

The second precipitous increase from 1940 to 1945 was stimulated
by World War Il with large scale consumption by troops overseas
and by the broadening of the consuming base as more and more women
adopted the habit in this period. Subsequent surveys, to be
described later, have substantiated this increase in this facet Of
risk-taking behavior among females at that time.

Cigar and snuff consumption have shown far more stable rates
although both categories of tobacco use show gradually achieved
peaks and plateaus followed by declines with the plateau of use
of cigars occurring between 1905 and 1920 and returning to
approximately the 1880 rate in 1954. Consumption of snuff
increased to a plateau between 1910 and 1930 but with only a
slight decline since then. However, snuff consumption at its
peak never exceeded 5% of the total tobacco use by weight.

The category of "smoking tobacco" which, for the most part, had
represented pipe smoking with increasing proportions for "roll-
your-own" cigarettes to a peak for the latter during the
Depression, experienced a precipitous drop with the onset of World
War 11 so that by 1954 total consumption in this category was but"
20% of its peak in 1911 and but 60% of its level in 1880.

In an overview of the latter half of the period 1880-1954, i.e.,
from the United States' entry into World War | in 1917, it may
justifiably be stated that the 28% increase in the total tobacco
consumption in this time span is primarily the result of the almost
6-fold1l increase in cigarette consumption offset by a 70% decline
in other forms of tobacco use. Expressed in another way, of the
more than 8 pound increase in cigarette consumption per person in
this period, 41% of the increase may be considered as additional
tobacco consumption and the remaining 59% as a shift from other
forms of tobacco (Milnore & Conover, 1956). Thus this period saw
a tremendous shift to cigarette use from other forms of tobacco.

Calculated from data provided in the Milnore and Conover paper of
1956.
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RECENT TRENDS

I have deliberately divided this discussion of trends in tobacco
use patterns into two periods of time, that prior to 1954 and the
period from 1955 to the present, for two reasons. First, until the
Milmore and Conover study of 1955 there were no critical analyses
of existing consumption data, however inadequate such data might be
for systematic epidemiologic inquiries. Secondly, there is a need
to study the immediate and long term impact on patterns of tobacco
use of information which began-to reach- the consuming public in
the early 1950's and again in the early 1960’s. | am. of course.
alluding-to the unfolding of the epidemiologic studies on the rela-
tionship of tobacco use, particularly cigarette smoking, to health
and disease and to the Advisory Committee’s Report to the Surgeon
General in January of 1964 (U.S. DHEW, 1964).

In Table 1 there are presented the tobacco consumption data for
the period 1900 to 1960 in 10 year periods and for 1961 to 1975 in
annual periods (USDA! 1976). It is- to be noted that the base
denominators are decidedly different for the period 1962-75 and an
improvement over the data prior to that when all the population
over a given age was utilized as the base, irrespective of whether
the particular use was practiced by one or both sexes. Further-
more, caution should be exercised in comparing the data in the
periods before and after 1962 because of the discontinuity which
exists not only in the sex of the respective population bases but
also the elevation of the minimum age from 15 to 18 years.
Whereas the former change would tend to reflect the real situation
with respect to the specific tobacco use population by sex, the
age change in the base would tend, on the other hand, to attribute
to older persons in the population greater use, at least of
cigarettes, than is actually the case, for the size of the smoking
teenage population under 18 years has increased markedly as will
be seen later. Their omission not only explains the seemingly
marked increase between years 1961 and 1962 in cigarette consumption
but also obscures the true reductions which have actually occurred
in the adult population.

Momentarily accepting the relative value of these data, it will be
noted that declines in the consumption of cigars has continued
steadily as has the use of pipe tobacco and snuff. A deviation
from this trend is noted for one year, 1964, the year of the Report
to the Surgeon General, when along with an abrupt decline in
cigarette consumption there was noted an abrupt rise in consumption
of cigars and pipe tobacco. Following this the declines resumed.
The picture is not quite as salutary for cigarette consumption
Not overlooking the reservations in the data alluded to immediately
above and the discontinuities imposed, the period of the reports of
the initial studies on the relationship of smoking to health seems
superficially at least to have been followed by a plateauing of the
increase in cigarette consumption and in 1964, the year of the Re-
port of the Advisory Committee, by a distinct drop in consumption.
Since then some rises and declines in consumption seem to have
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Table 1. Consumption of tobacco products in the United States
1900-1975

oy

Per capita consunption, all persons aged 15 years and over

Year Cigarettes Cigars Pipe Tobacco Chewing Snuff

No. No. 1bs. tobacco 1bs.

. 1bs.

1900 49 111 1.63 4.10 0.32
1910 138 113 2.58 3.99 0.50
1920 611 117 1.96 3.06 0.50
1930 1365 72 1.87 1.90 0.46
1940 1828 56 2.05 1.00 0.38
1950 3322 50 0.%4 0.78 0.36
1960 3888 57 0.59 0.51 0.29
1961 3986 56 0.59 0.51 0.27
1962 3958 55 0.56 0.50 0.26
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Table 1. (Continued)

Per capita consumption, persons aged 18 and over as designated

Year Cigarettes Large Cigars Pipe tobacco Chewing tobacco Snuff
(M+F) No. and Cigarillos (M only) No. (M only) lbs. (M+F) 1bs.
(M only) No.
1962 4265 121.9 1.24 1.10 0.28
1963 4345 124.6 1.22 1.11 0.27
1964 4195 154.4 1.42 1.11 0.26
1965 4259 143.9 1.19 1.07 0.24
1966 4287 136.1 1.13 1.05 0.23
1967 4280 130.7 1.08 1.04 0.23
1968 4186 126.5 1.11 1.05 0.21
1969 3993 125.0 1.08 1.09 0.20
1970 3985 125.3 1.15 1.06 0.19
1971 4037 119.2 1.06 1.09 0.19
1972 4043 108.9 1.00 1.08 0.18
1973 4148 102.4 0.88 1.10 0.18
1974 4141 91.9 0.87 1.13 0.18
1975 4121 82.4 0.76 1.15 0.17
1976 (Est) 4110 74.1 0.75 1.17 0.17
Source: U.S. Agricultural Marketing Service: The Tobacco Situation, 1977




occurred. In general they point to possibly dramatic changes that
may be masked by missing date, namely the trends of use by males
and females. This data cannot be derived from total population per
capita consumption and without knowledge of the proportions of
smokers among subsets of the population, including males vs. females
at respective ages.

TOBACCO SURVEYS

Until 1955 there had been no reliable surveys of tobacco use among
consumers published in the literature. The few to which allusions
were made in some quarters were commercially derived, kept as trade
secrets and were not published. Although case-control studies in
respectable numbers had already been completed and published by
this time and several promising prospective studies had been
initiated, from the former there could not be derived proportions
of the general population who smoked and the latter were usually
special populations selected in one way or another and except for
one, the now famous veterans study by Dorn (Kahn, 1966), were not
necessarily representative of the U.S. population, albeit of males.
With the emergence of the epidemiologic studies on the relationship
between smoking and several diseases, it became imperative to
ascertain not only the proportions of smokers in the general
population but in the various subsets of that population by age,
sex, occupation, residence, race, type of smoking and degree of
smoking by several measures, in order that the actual observed
morbidity and mortality of a selected associated disease could be
shown to be consistent with the estimates of the excess risks among
smokers and the population of smokers affected. It was for such

a reason among several others that Haenszel et al. (1956) mounted
the first study of tobacco use patterns in the general population
of the United States utilizing the Bureau of the Census’ Current
Population Survey approach in February of 1955.

Subsequent surveys of marked import were conducted by the National
Clearinghouse for Smoking and Health set up shortly after the
Advisory Committee’s Report. The survey in 1964, less than one year
after the Report to the Surgeon General's Advisory Committee, one

in 1966, and others in 1970 and 1975, were conducted for the
Clearinghouse by private opinion corporations, while an additional
survey in June 1966 was conducted by the Bureau of the Census for
the Division of Health Interview Statistics of the National Center
for Health Statistics (Ahmed and Gleeson, 1970), once more

utilizing the Current Population Survey approach and questions on
smoking habits phrased similarly to those used in 1955. Figure 2
presents the data for the two Current Population Surveys whereas
Figures 3 and 4 present the findings of the opinion surveys which,
in addition to smoking behavior questions, also probed for attitudes
and reactions to the smoking and health problem.
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Figure 4
PROPORTION OF SMOKERS IN ADULT POPULATION
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For the most part the two sources of survey data for the years
1955 and 1966 and for 1964 and 1966 respectively tend to corro-
borate the downward trend in cigarette smoking, among males in all
age groups except the 55-64 year group where a slight increase
occurred and the initially upward trend for females for all of the
age groups. In the survey years 1970 and 1975 percentages of male
smokers among the several age groups continued their decline with
but one exception in the age group 65 and over where an increase
is noted for 1975. This may be an extension of the opposite trend
noted in this age cohort 10 years before. Females surveyed in
1970 and 1975 showed a reversal of the initial increases of the
1966 survey in all the age groups except for those 55 and older
and in the 21-24 year age group where an increase in 1975 was
observed, although the percentage was still smaller than those
observed in corresponding age groups in 1964 and 1966. Of further
importance is the observation that reductions in smoking among
adult females have been proportionately far less than reductions
in the males. There is sane evidence that the female and even

the female health professional believes herself to be at far

less risk from the hazards of smoking than she actually is
(Schuman, 1972). The female is thus, obviously, an important
target for smoking behavior change.

Thus far most of our discussion has dealt with adult populations.
Teen-age smoking has begun to present serious problems particularly
from the standpoint of primary prevention of initiation of the
smoking habit. Four national sample surveys have been conducted

in the United States among persons aged 12 through 18 years in
1968, 1970, 1972, and 1974. (DHEW, 1972 and DHEW, 1976) The
findings are best presented graphically in Figures 5 and 6. An
increase in smoking in the 6-year period was noted for the teen-
age group as a whole. However, except for increases in 1970 with
subsequent reductions among boys, the group increases have been
contributed to virtually entirely by the steady increases among
girls for every age group. By 1974 virtually no difference existed
between the proportions of strokers among boys and girls.

AGE AT INITIATION OF SMOKING

Relevant to the problem of teen-age stroking and the continuance

of the habit into and through adult life is the trend in the age
at which smoking is started. Data are available from the Current
Population Surveys of 1955 and 1966. The proportion of male self-
respondents in the 1966 survey was disappointly low. Further-
more, persons in the military service were excluded from both
surveys. Since a high proportion of males 18-24 years of age were
in the Armed Forces in 1966 in contrast to 1955, this too was
deemed to be a shortcoming, so that no analyses of trend in age at
initiation of smoking was executed for males.

However, the female patterns among the several age groups in the

surveys are presented in Figure 7. Between 1955 and 1966 a decided
shift to younger age groups was noted in the smoking initiation
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Figure 7. Cumulative percentage of females becoming regular cigarette
smokers prior to age specified by age at time of survey.
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age among women through all age groups. This was most marked for
the age group 45-54 years in which the greatest making gains had
occurred in the 11-year period between the surveys. Preliminary
analyses of the 1975 survey data (DHEW/CDC/NCI, 1976) reveal a
similar trend among males towards earlier initiation of smoking
than that observed in the earlier surveys (DHEW, 1964, 1968 and
1970).

AMOUNT SMOKED PER DAY

Just as age at initiation of smoking would imply an overall
exposure experience for the population at a point in time for any
given age group, so the amount of cigarettes (or cigars or pipes)
smoked per day constitutes a relevant component of the habit
pattern with respect to exposure to the hazard. The complexities
of trend analyses of habit components whose values vary not only
by sex, but by birth cohort are well known to all. So, in our
limited time such trends will beexamined for the total survey
samples by sex irrespective of the age compositions of the samples
which, though comparable, have had varying proportions of smokers,
abstainers and discontinuing smokers for the several periods and
age groups.

In Table 2 there are presented the average number of cigarettes
smoked daily by the population of cigarette strokers as calculated
from the data available in the Current Population Survey of 1955
and the surveys by the Clearing house in 1964. 1966. 1970 and 1975.
The cigarette smoking male's daily consumption after 1964 seems to
have plateaued with virtually little change in 1975. Female
smokers, however, after an apparent plateau between 1964 and 1970,
resumed their increase and have now almost equalled the male in
daily consumption.

INHALATION PRACTICES

Another component of smoking behavior highly relevant to selected
health hazards is the inhalation practices of the smoker. The
numerous studies, both case-control and cohort, on the relation-
ship of smoking to selected diseases have demonstrated a dose-
response gradient not only with the amount smoked and duration of
smoking but also with the degree of inhalation. A considerable
amount of attention in our efforts at behavior modification has
been directed toward changes in the way people smoke. Trends in
this component of smoking behavior are presented in Table 3 in
which practices have been presented with regard to depth of
inhalation by such responses as "deeply into the chest,” "only
partly into the chest" and "into the chest but | don't know how
far." This table also includes data on the proportions of smokers
who "inhale almost every puff" of each cigarette. A distinct
optimistic trend in depth of inhalation practices is noticeable in
this eleven-year period for both males and females. It is, of
course, difficult to assess the relative roles which numerous
factors may have played in this decline, particularly in the face
of increases in smoking among some female age-groups.
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Table 2.

Average number of cigarettes currently smoked per day

by males and females in the U.S.

(CPS - 1955 and NCSH - 1964, 1966, 1970, 1975)

Average No. of Qgarettes Daily

Sex
1955 (CP9) 1964 (NCSH 1966 (NCSH 1970 (NCSH 1975 (NCSH
Mal e 17.7 21.7 21.9 22.3 22.4
Fenal e 13.0 17.2 17.1 17.4 18. 8
Sources: Haenszel (1956); DHEW/NCSH (1964, 66, 70, 75).




Table 3.

Percentages of Current Male and Female Cigarette
Smokers Inhaling Smoke and Inhaling Virtually
Every Puff of Each Cigarette in the U.S.
NCSH Surveys of 1964, 1966, 1970 and 1975.

Percentages Inhaling

Sex

Depgree 1964 1966 1970 1975
Male Deeply 36.5 31.8 34.3 30.3

Partly 39.9 44.5 31.6 32.7

Into chest, _ _

DK how far 2.0 2.2
Total 76.4 76.3 65.9 65.2
Female Deeply 22.5 15.5 17.5 16.4

Partly 30.7 40.8 24.9 25.7

Into chest, _ _

DK how far 3.1 2.0
Total 62.2 56.3 45.5 4.1

Percentages Inhaling Almost Every Puff

Male 63.1 63.0 60.5° 58.5
Female 4.8 52.1 47.2 50.7

Sources: DHEW/NCSH (1964, 1966, 1970 and 1975)
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TYPE OF CIGARETTES SMOKED

Our attention is being directed primarily to cigarette smoking and
this is as it should be inasmuch as this habit constitutes the vast
bulk of the tobacco hazard to human health. Without wishing to
engage in polemics on the relative merits of cessation of smoking
vis-a-vis reduction in numbers consumed, abstention from inhalation
and use of filters (a first step toward the creation of a so-called
"safe" cigarette), since these will undoubtedly be discussed in
depth later in this conference when the problems of behavior
modification through motivational techniques will be entertained,
and although I am one of those who feel greater efforts must be
expended toward total cessation, nevertheless it must be recognized
that lowering the dose of a deleterious agent should lower the risk
of untoward effects. Thus filtration of smoke, if effective,
should lead to a lessening of the hazard. Such filtration might
reduce particulates and condense some distillates but usually is
ineffective against gases. Nevertheless the production of filter-
tip cigarettes began to rise in 1950. From an estimate of 0.5
percent of the cigarettes produced in 1950, production of such
cigarettes rose to 1.3 percent in 1952; 27.6 percent in 1956; 45.3
percent in 1958 to 54.6 percent in 1962. By 1975, production was
up to 87.7 percent and the preliminary figures for 1976 is 88.5
percent.

This trend coincides well with the increasing demand for filter-

tip cigarettes as is evidenced by the survey data noted in Table 4.
The bulk of filter-tip cigarettes consumed are king-size. Increases
in their use have been, for both sexes, primarily at the expense of
the non-filter types. It will be noted that women adopted the king-
size-filter-tip cigarettes earlier and more rapidly than did the
men. When the 100 m.m. cigarette came along women adopted these
quickly as well. By 1975 (DHEW/NCI, NCSH 1976) 35-percent of women
smokers compared to 17 percent of the men utilized the 100 m.m.
brands. This was double the proportions smoked by each sex 5 years
earlier. Predictions of the effect of greater amounts of tobacco
smoked per cigarette, albeit with filters, would be sheer specula-
tion..,.Whereas, in 1975, somewhat more men than women (60.4% vs.
53.646) smoked king-sized-filter tip cigarettes, more women than

men smoked filter tip cigarettes of any size (90.6% vs. 79.3%)

thus maintaining their lead in the use of filters.

Time does not permit detailed discussion of trends in the tar and
nicotine content (but not other toxic materials) of cigarettes and
their use other than that the smoker is turning to cigarettes with
lower tar and nicotine levels. It is my assumption that my
colleague Dr. Wynder will have some significant remarks to make in
this regard. The tar and nicotine "derby" initiated by the Federal
Trade Commission's requirement of labeling cigarette packages with
the levels of these substances is a matter of fact. Its effect
remains to be evaluated.
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Table 4.

Percentages of Current Male and Female Smokers Using the

Several Available Types of Cigarettes by Size and Presence
of filter. NCSH Surveys of 1964, 1966, 1970 and 1975.

Type of Cgarette Per cent ages  Smoki ng
Length Filter Sex | 1964 |1966 1970 1975
King-size - No Filter M 18. 6 17.8 13.5 9.2
15.2 14.5 11.3 5.6
King-size - Filter 49.7 55.2 58.5 60. 7
F 70. 1 76.6 62. 2 54.0
oo mm Filter M - 8.8 16.7
F - - 18.2 34.6
Regular size - No filter M 26.4 24.9 15.3 10. 6
F 7.8 5.1 4.6 2.9
Regular size - Filter 4.3 1.8 1.1 1.9
F 6.5 3.8 2.9 2.0
Total s 99.0 99.7 97.2 99.1
F 99. 6 100.0 99.2 99.1

Sources:

DHEW/NCSH (1964,

1966, 1970 and 1975)




OTHER HOST CHARACTERISTICS AND DEMOGRAPHIC VARIABLES

One would be derelict in discussing patterns of making behavior.
not to mention several other selected characteristics of smokers
which, for the epidemiologist and social scientist, help to
define populations at risk and provide the targets for remedial
action. Without belaboring the voluminous data collected on
several of these variables in all four surveys of smoking behavior
in the Clearinghouse series, a brief summary will suffice. In all
the surveys, except for declines in current smoking percentages,
the same relative relationships between smoking habits and certain
demographic characteristics have maintained themselves. In fact
the same rank order has prevailed since the first large scale
survey in 1955 (Haenszel, 1956).

Marital Status

In Table 5 there are presented the prevalences of cigarette smoking
among both men and women by marital status. Both men and women
who are divorced or separated have the highest current smoking
rates (60% and 50% respectively) as compared to married men (38%)
and women (28%). The 1975 rate for the divorced or separated

males is a decrease from the rates which prevailed in the earlier
surveys, but that for divorced or separated females is a

continuing increase over the 1970 rate of 44.1% after a low of
41.7% in 1966.

Thirty-six percent of widowed men were current cigarette smokers
in-1975. This is approximately the same rate as in 1970 but
significantly lower than the rate in 1964. The widowed male rate
is actually slightly lower than the rate for married men. The
widowed female, however, has a current smoking rate of 19%, the
lowest of all the marital classes. However comparison with the
rate in 1964 shows no difference though the rates were lower in
the intermediate survey years.

Single male current cigarette smoking rates have shown some marked
fluctuations in the 10-year period but in 1975 the rate is now
even lower than in 1966. The single female smoking rates have
been more stable with the 1975 rate of 31% lower than in any of
the other survey years with the exception of the remarkably low
27.6% achieved in 1966.

Educational Achievement and Income

An interesting and not readily explainable pattern of smoking
behavior evolves from an analysis of the educational level of the
survey samples. Table 6 presents the prevalences of current
cigarette smoking only among the several levels of educational
achievement for men and women separately, A pattern of an inverse
relationship between educational level achieved and the prevalence
of cigarette smoking is immediately apparent. However the
gradient is not perfect for either sex since the groups in the
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Table 5.

Distribution of Prevalence of Current Cigarette Smoking

by Marital Status and Sex. NCSH Surveys

Percentage Qurrent Qogarette Snokers
Year of Married W dowed Di vor ced/ Separ at ed Single
Sur vey M F M F M F M F
1964 52.7 31.5 49. 4 19.4 62. 7 55.3 52.2 38.9
1966 52.9 38:0 28.0 15. 2 59.2 41.7 49. 6 27.6
1970 39.8 31.7 35.2 16.7 65.0 44.1 56.3 36.1
1975 38.3 28.3 35.7 19.3 60.1 50.0 37.5 30.6
Sources : DHEW/NCSH (1964, 1966, 1970 and 1975)
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Table 6. Distribution of Prevalence of Current Cigarette Smoking
by Educational Level and Sex. NCSH Surveys.
Percentage Current Cigarette Smokers .
Year Grade School Som> High High School Some College Post-graduate
of or less School Graduate College Graduate Degree
Survey M F M F M F M F M __F M F
1964 49.5 | 18.2 62.0 |36.5 56.8 }135.4 50.4 {36.1 42.3 136.5 42.7 130.1
1966 49.9 | 18.2 60.4 139.8 55.1 {43.2 53.4 |35.9 38.6 129.1 33.9 124.6
1970 39.2 | 19.7 51.0 | 34.4 47.7 132.2 37.3 {36.2 31.8 125.5 29.1 §27.2
1975 37.4 | 18.2 47.8 [33.2 45.6 {31.9 36.1 (32.2 28.2121.8 27.9 [20.2
Sources: DHEW/NCSH (1964, 1966, 1976 and 1975)




surveys who did not go beyond grade school had consistently lower
prevalences than did the groups who attended high school. It has,
been proposed that since educational level is related to income
and since there may be a further relationship between income and
the relative incapability of purchasing cigarettes by the lowest
income groups this factor would account for the abrupt inflection
of the prevalence curve below the high school level.

In an analysis of income data this explanation would be plausible
for the female, but not for the male as can be seen from Table 7
which presents smoking status at the several levels of income.
The income distribution patterns for smokers are virtually
identical among all four surveys and persist through the overall
secular trends as wall. It can be noted that a direct relation-
ship between income and prevalence of cigarette smoking exists

for the female which would tend to support the "purchasing-power"
hypothesis, but this relationship does not appear for the male who
tends to show a plateauing of consumption in the middle income
groups and lower consumption both in the very low and high income
groups . In effect, then, in the highest income groups, the
prevalence of current cigarette smoking is almost the same for
both sexes. An all-en-bracing reason for these disparities does
not suggest itself. It would not be amiss to suggest that several
differing factors may be operating in the two sexes.

Occupation

Analyses of data on occupation of respondents in each of the
surveys reveals a pattern which has changed very little
qualitatively since the earliest comprehensive smoking survey in
1955. Professional and technical workers have continued to have
the lowest cigarette smoking rates whereas laborers, craftsman
and other ‘'blue collar" workers, the highest. Over the years of
the several surveys these contrasts have prevailed. Disparities
between the sexes are however apparent.

The male in "blue-collar" occupations (including farm laborers and
foremen) although declining in current cigarette smoking from 6%
in 1966 to 51% in 1970 to 4% in 1975 consumes more cigarettes than
man in "white-collar" occupations (including farmers and farm
managers), which included 48%, 37% and 36% cigarette smokers
respectively in the last three surveys.

The female on the other hand shows an opposite relationship.
Employed "white collar" female workers smoke somewhat more.
commonly (34%) than do women in 'blue-collar" types of occupation
(3%). In the 1975 survey, 40% of the women in the sample worked
outside of the home and of these 3% were current cigarette smokers
as compared to 27% among housewives.
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Table 7.

Distribution of Prevalence of Current Cigarette

Smoking by Income and Sex. NCSH Surveys.

Percentage Current Cigarette Snokers

I ncone Mal e Femal e

1964 1966 1970 1975 1964 1966 1970 1975
Under $3, 000 47.5 46.1 40.1 41.1 19.4 18.5 17.2 23.7
3, 000-4, 999 48.5 54.3 45.2 43. 8 31.9 25.9 32.6 26.3
$5, 000- 7, 499 58.9 56.4 44.1 41.1 33.5 40. 2 27.6 27.0
$7,500- 9, 999 54.3 53.3 42.9 46. 4 37.7 40. 6 34.3 31.1
$l O 000- 14, 999 51.8 45.5 43.0 38.3 38.4 46.0 36.8 30.1
$15, 000 & over 44,7 50.0 39.6 37.4 38.0 45.6 39.1 33.6

Sources:

DHEW/NCSH (1964, 1966, 1970 and 1975)




DISCONTINUANCE OF SMOKING

Earlier in this presentation the declines in the proportions of
cigarette smokers among adults 21 years of age and over have been
noted for both males and females and over all age groups. This
latter portion of the statement is acceptable if we consider that
the virtual rise of consumption in the 55 year and over age group
of females is in truth a cohort effect and reflects the residual
of the real increase in the 45-54 year group in the 1966 survey.
With the decline in smoking among adults, the discontinuance
patterns would not only be of general interest but could provide
requisite information for the behavioral scientist in planning
habit modification approaches.

Cross sectional surveys, if conducted identically, can provide
more than a static estimate of the proportions of current and
former makers. A crude estimate of the degree of entry into the
current smoking category and departure into the ranks of the
former smoker category is possible provided that information on
the category of individuals who have never smoked is also available.
Given a constant level of never smokers as prevailed among males
in the surveys of 1964, 1966 and 1970 (Table 8), a constant stream
of initiated smokers would have entered the current smoking
category. However, despite their constant initiation, an
increasing proportion of then discontinued their smoking thus
depleting the ranks of the current male smokers as can be seen
from Table 8. In 1975 a change in the dynamics had occurred in
which the ranks of the former smoker were smaller, but because

the formerly static level of "never smokers" had now increased
since fewer persons had begun to smoke, the decline in the current
smoker category continued. This pattern, however, was not followed
by the female. In the first three surveys her initiation of
smoking actually increased so that despite increases in
discontinuances virtually proportionate to initiations, her
current smoking category remained relatively constant. In 1975
with virtually no change in the proportion discontinuing, but with
a slight decline in initiation, the current smoking proportion
among females declined slightly.

To the behavioral scientist the characterization of current and
former smokers with respect to certain process characteristics
including recidivism is important not only for design of
approaches to behavior modification but for evaluation of the
methods utilized in encouraging cessation. The surveys of the
Clearinghouse have provided a wealth of data on opinions, attitudes
and beliefs, many of then relevant to the problem of prevention of
smoking or interceding for cessation. A troublesome problem which
many of us have experienced is that of recidivism Data on the
number of attempts at cessation of smoking do provide a reasonable
measure of recidivism, particularly for the current smoker who has
tried and failed.
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Table 8. Distribution of Classes of Cigarette Smokers Aged 21
Years and Over According to Sex. Four Surveys of the
NCSH.
Percentages by Class of Smoker and Sex
Year of Never Ever Former Current
Survey M F M F F M F
1964 24.9 61.1 75.1 38.9 22.2 7.4 52.9 31.5
1966 245 | 56.8 75.5 | 43.2 23.6 9.5 51.9 | 33.7
1970 25.1 | 54.7 74.9 | 45.3 32.6 | 14.8 42.3 | 30.5
1975 31.5 | 56.6 68.5 | 43.4 29.2 | 145 39.3 | 28.9
Sources: DHEW/NCSH (1964, 1966, 1970 and 1975).




In Table 9 there are presented the experiences of both current
and former smokers in attempts at discontinuing their cigarette
smoking habit. Throughout the three surveys depicted, the
currently continuing smoker, both male and female, has made more
attempts in the 4-year period prior to each respective survey to
discontinue smoking than has the former smoker. The order of
magnitude of the frequency of attempts seems to have been
approximately equal for males and females. It is obvious that
former smokers have found it easier to quit, since a smaller
number of them required many attempts to cessation and in the
1970 survey a fewer number of attempts by the presently former
smokers led to cessation within the 4-year period.

The factors in recidivism are numerous and complex and will
undoubtedly be discussed by behavioral scientists during this
conference. Of interest are some of the other characteristics
related to discontinuance of smoking. Evidence exists that at
least for male smokers, current or continuing smokers had begun
smoking at a younger age than discontinued smokers. Men and women
continuing smokers have on the average smoked 5 to 6 years longer
than discontinued smokers. A greater proportion of smokers of
cigarettes who had higher education have become former smokers.
A greater proportion of white collar workers who have smoked
cigarettes have become ex-smokers than have those smokers among
blue-collar workers. The greatest increases in smoking cessation
occurred among the older age-groups in men but in the 25-34 year
age group in women.

SUMMARY

In summary, cigarette smoking has largely replaced all other forms
of tobacco use in the United States. World War | and World War 11
were the settings for the rapid expansion of cigarette use

by men and women respectively. A plateau was reached and,
currently, a small decrease experienced in per capita cigarette
tobacco consumption following the release of the Report of the
Advisory Committee on Smoking and Health to the Surgeon General in
1964.

Several smoking surveys have revealed a decline in current
cigarette smoking among adults far more prominent among men

than women. After an initial rise among teen-age boys a decline
in cigarette smoking has occurred. This has not been the case
with teen-age girls, who show a continuous increase in proportional
smoking. Both males and females in the U.S. population are
initiating their smoking habit at ever earlier ages. Among adults,
male consumption of cigarettes per day has plateaued during the
past 10 years, but some increases are noted for females. Declines
in inhalation practices with regard to depth of inhalation have
been demonstrated, but little change has been noted in percentage
inhaling every puff.
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Table 9.

Distribution of Current and Former Cigarette smokers Aged 26

Years and Over According to Attempts at Quitting Smoking by Sex.
Three Surveys of the NCSH.

Present Percentage Trying to Quit .
Year of Smoking Tried at least once Tried once only Tried 2 or more times
Survey Status M F M _F M F
1964 Current 55.8 | 50.6 18.5 | 18.2 37.3| 32.4
Former 48.6 { 35.3 13.0 9.9 35.6 | 25.4
1966 Current 54.8 | 57.1 17.7 | 16.6 37.1 | 40.5
Former 49.2 | 41.7 12.1 7.6 37.1 1 34.1
1970 Current 48.6 | 49.8 19.2 | 16.6 29.4 | 33.2
Former 42.1 | 49.5 22.9 | 25.3 19.2 | 24.2
Sources: DHEW/NCSH (1964, 1966, 1970).

N.B. Question on quitting in 1975 survey
was in a different and hence non-comparable

form.




The market has been preponderately converted to king-size-filter
cigarettes and females primarily use this type of cigarette.

Cigarette smoking is found more commonly among males than females,
though increases in proportion of smokers have been noted in the
older age groups of women; more commonly among divorced or
separated persons of either sex than married or single persons;
more male blue-collar workers than white-collar; more female
white-collar than blue-collar workers; more among those with lower
educational achievement; and more females in higher income groups.

Current smokers continue to have problem discontinuing smoking
and have made more futile attempts than ex-smokers in the latter's
precessation period.

It is difficult to assign specific causes to the modest gains that
have been made in cessation of smoking or nodification of smoking
behavior. What impact such motivational factors as dissemination
of information on the health hazards of smoking, labeling of
cigarettes, information on modification of smoking behavior,
smoking cessation clinics, the prohibition of television
advertisement of cigarettes, and the exemplar role of health
professionals' personal cessation of smoking may have had on this
modest modification of behavior is entirely conjectural. At least
the relative roles which these and other factors have played

have barely begun to be tested.

The challenge for behavioral scientists, health educators and
clinicians is great and the conquest of the problem would, in my
opinion, provide the greatest forward thrust in the prevention of
the greatest amount of early morbidity and mortality from disease
than any other single measure of intervention.
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EPIDEMIOLOGY SECTION
DISCUSSION OF DR. SCHUMAN'S PAPER

Data presented by Dr. Schuman indicated that the age at which smoking
started was related to success or failure of smoking cessation at a
later time. The earlier one starts smoking the less likely the indi-
vidual will stop smoking. Since the onset age of smoking Is now de-
creasing, it will be more difficult in the future to help people stop.
This apparent or implied cause-effect relationship is consonant with
most learning theory principles that earlier formed habit patterns
are more easily acquired and more resistant to extinction both in
animals and humans. This phenomenon would be in keeping with the
nicotine dependence data so well researched by Dr. Russell.

Dr. Schuman’s data showed that successful ex-smokers made fewer
attempts to quit smoking prior to doing so, than those who did not
succeed in quitting. In other words, people who have continued

to smoke, continue to attempt cessation, but continue to fail. This
is significant but gloomy. Failure rates were not the same for
males and females and that deserves study in itself. While fewer
attempts for successful quitters supports a biochemical explana-
tion, the phenomenon can also be explained behaviorally. If success
in quitting (expectation) is not achieved early, the individual grad-
ually develops a defeatist attitude. He/she may enter new programs
but will expect to fail and this will be reinforced over and over.

One of Dr. Schuman’s slides revealed that per-capita cigarette con-
sumption went down in 1969-1970. Since this period was coincident
with the demise of cigarette advertising in television, a meaningful
tactic might be to suppress advertising in the written media. In
response to this, Dr. Schuman argued that during this same period
teenagers were smoking more. Therefore, the drop in percapita con-
sumption had not included their share. To attribute this drop to the
manipulation of the media, however, is still speculative and only a
case controlled study would clarify the issue.

It was also argued that the American Cancer Society has been very suc-
cessful in adding to the decline in cigarette consumption [reported
by independent small scale studies) through a series of public tele-
vision programs showing the dire effects of long term smoking behavior
on actual people, including some television stars. Likewise then, the
effect of the "moratorium” agreement between the Advertising Council,
the Tobacco Industries and the American Cancer Society must be con-
sidered in this reduction of cigarette consumption.

Joseph W. Cullen, Ph.D.
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Interrelationship of Smoking to
Other Variables and Preventive
Approaches

Ernst L. Wynder, M.D.

INTRODUCTION

It has been well documented that cigarette smoking alone and in
synergy with various other factors enhances man's risk for a
number of specific diseases (U.S. Public Health Service, 1964,
1971; Hamnond, 1966). Although evidence exists that smoking
represents a pharmacological dependence in sanecases, cigarette
smoking is also seen to be related to a variety of social and/or
cultural factors (Russell, 1971a, 197lb). This communication will
present a brief discussion of both of these aspects of the use of
cigarettes and on the preventive approaches to cigarette smoking.

CIGARETTE SMOKING AND OTHER RISK FACTORS

Alcohol

The risk of developing cancer of the upper alimentary tract has
been shown to be significantly increased by a combination of
tobacco usage and heavy alcohol consumption (Wynder et al., 1976;
Moore. 1971; 1965) (Figure 1). The data indicate that tabacco
consumption; whether in the form of cigarette, cigar or pipe
smoking or the chewing of tobacco, enhances the risk of cancer of
the mouth, larynx, and esophagus. Heavy alcohol intake, however,
will not by itself produce a significant increase of such cancers
(Figure 2). Thus, alcohol principally acts as a tumor promoter

in tobacco carcinogenesis. While experimental data have shown that
alcohol can act as a solvent for carcinogens present in tobacco
smoke by enhancing the effect of such components as benzopyrene

in the esophagus of mice, the major effect of alcohol appears to
relate to nutritional deficiences (Wynder and Klein, 1965). Ap-
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FIGURE 1

RELATIVE RISKS OF DEVELOPING CANCERS OF THE ORAL CAVITY,
ESOPHAGUS, AND LARYNX BY ALCOHOL CONSUMPTION
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proximately 90% of alcoholics are smokers (Dreher and Fraser,
1968) and these people are known to commonly Suffer from Various
nutritional deficiences, especially in terms of a deficiency in
the intake of vitamin B (Wallgren, 1971). Such deficiencies
have been suggested to be responsible for the increased risk
among heavy drinking smokers for cancer of the upper alimentary
tract and larynx, both glottic and supraglottic type (Wynder et
al., 1956, 1976). Finding an increased risk of glottic cancer
among alcoholics indicates that direct contact with alcohol is
not required to induce such a risk.

Occupations

Experimental and epidemiologic data suggest a causal relationship
between exposure to a variety of industrial agents and the devel-
opment of a number of cancers, particularly those of the respi-
ratory tract. An interaction has also been noted between smoking
and exposure to selective occupational conditions. Data indicate
that, among smokers to asbestos amd/or uranium ores
acts as a promotor for tobacco carcinogens (Hoffman and Wynder,
1976). The risk, of lung cancer has been shown to be increased
particularly for smokers who work with asbestos but, in the
absence of tobacco usage, the asbestos exposure is less powerful
(Hammond and Selikoff, 1973; Selikoff et al., 1968). This inter-
relationship does not apply for mesotheliana -- a condition known
to be directly related to ashestos exposure. Any discussion of
the risk associated with occupational exposures and the development
of cancer --whether cancer of the lung, bladder or any other
tobacco-related cancer - must also include the influence of
smoking in the etiolcgy of the disease. It is important, there-
fore, that we collect both detailed occupational data and reliable
smoking histories. Such data will permit the determination of the
relative importance of each risk factor on the developnent of a
specific cancer. Such epidemiologic effort is also necessary
because, as will be shown subsequently, cigarette smoking habits
differwidely among different occupational groups.

Hypercholesteremia and Hypertension

Cigarette smoking plays a particularly important role in premature
sudden death from coronary disease (Hammond, 1966; Doyle et al.,
1976). Epideniologic data obtained from Crete, Yugoslavia, Japan
and other countries suggest that this effect of cigarette smoking
occurs principally in populations where arteriosclerosis is
prevalent -- a condition associated with hyperlipidema (Keys,
1970). The underlying cause of arteriosclerosis, appears to be
hyperlipidemia, especially in terms of hypercholesteremia, with
cigarette smoking exerting a pronounced secondary effect. It has
been reasoned that nicotine in cigarette smoke, perhaps secondary
to the production of catecholamines, leads to amythmias and/or
increased sensitivity for thrombus formation (Ball, 1974; Rose,
1973). The extent to which carbon monxide contributes to the
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pathogenesis of arteriosclerosis continues to be a question of
considerable scientific debate.

The risk for heart attacks is further increased when hypercholes-
teremia and cigarette smoking are prevalent in an individual. with
hypertension (Truett et al., 1967). In this instance, there are
three major risk factors that have to be carefully and individual-
ly examined to determine the specific contribution each factor makes
to the risk of coronary attacks. It needs to be re-emphasized,
however, that hypercholestermia is the underlying risk factor,
because both hypertension and cigarette smoking have a relatively
small effect on coronary death in countries where atherosclerosis
has a low prevalence rate.

Air Pollution

Although sporadic and intense episodes of air pollution have been
associated with deaths from acute pulmonary disease, there is no
conclusive evidence that air pollution, per se, directly contrib-
utes to the incidence of lung cancer. The geograpic distribution
of lung and other neoplasm suggests the presence of an "urban
factor" affecting the development of these diseases (Wynder and
Harmond, 1962). However, when the data are standardized for
comparability of reporting, for variation in smoking habits and
in occupational categories between urban and rural areas, the
differences in lung cancer death rates largely disappear (Hoff-
mann and Wynder, 1976). Perhaps such negative findings should be
expected Men we consider the relative concentration or exposure
to carcinogens in polluted air compared to cigarette smoke. Since
air is inhaled in relatively mall doses through the nose and
cigarette smoke is highly concentrated and inhaled directly into
the lungs, tobacco smoke represents a much more intense exposure
to the respiratory tract than air pollution. As a point of refer-
ence, one cubic centimeter of heavily polluted air includes up

to 100,000 particles per cubic centimeter whereas inhaled ciga-
rette smoke includes up to 5 billion particles per cubic centi-
meter (Hoffman and wynder, 1970).

In summary then, as we look at the risk among cigarette smokers
in reference to different diseases, we must examine a number of
other environmental factors in order to evaluate the degree and
the nature of the role played by each.

FACTORS INFLUENCE SMOKING HABITS

The fact that there was once a time when cigarettes were not part
of man's culture and that even today there are large segments of
populations that do not use tobacco, clearly indicates that ciga-
rette smoking is not a necessary component of man's existence.

This does not deny that once a personhas begun the habit, he may
find it satisfying and wish to continue it throughout his life.

Such dependence occurs despite knowledge that this habit is asso-
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ciated with a high degree of risk for specific diseases (U.S. DHEW,
1976a).

The Beginning of Smoking

Children have a natural tendency to imitate adult behavior not
only because of a desire to be a member of the grown-up world but
also in an effort to identify with the parents. Thus, parents and
other adults who smoke provide behavior patterns that seem
appealing and mature to the young.

Children view these behaviors as socially acceptable and tempting
despite parental and medical admonitions against the initiation

of the habit. It is not surprising, therefore, that even with the
knowledge that cigarette smoking is a potentially harmful habit,

a sizeable proportion of teenagers smoke. During the past decade,
the proportion of boys between 15 and 16 who have become regular
smokers has remained fairly stable (around 19% of the population)
whereas a steady increase in smoking is evident among girls this
age (U.S. DHEM, 1976a); the proportion of teenage girls (15-16)
who are current smokers has more than doubled since 1968 (Figure 3).

These results clearly indicate an inherent failure of current
healtheducation techniques in our school system and underscore
the necessity of developing and implemanting new methods to dis-
courage children from engaging in cigarette smoking.

Smoking and Adults

Efforts to educate the public about the harmful effects of smoking
have been more successful with adults than children. Our data,

in addition to those of others have shown an increased ability to
stop smoking among the more educated males -a finding which is
less applicable to females partially because fewer women than

man comprise the smoking population. (Figures 4 and 5). It is
possible that the ability to quit smoking is more related to the
fact that smoking is becoming a socially undesirable habit than it
is related to an increased awareness, of health risks associated
with cigarette consumption If we can promote the feeling that
smoking is socially unacceptable then it is possible that in the
future cigarette smoking will disappear, at least from certain
social groups, just as the spittoon has disappeared from the
Waldorf Astoria.

The cigarette smoking habit has also been shown to have a cultural
component in that the habit varies by religious, racial and
ethnic group. Because of religious restrictions, Seventh Day
Adventists and Mormons do not use tobacco and this abstinence is
directly reflected in the lower mortality rates from cigarette
related diseases among these special groups (Lyon, et al., 1976;
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PERCENTAGE

FIGURE 5

DISTRIBUTION OF SMOKING HABITS OF FEMALE CONTROLS
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Phillips, 1975; Wynder et al., 1959). In addition to these groups,
our data show Jewish males have less exposure to cigarettes than
non-Jewish males, independent of their educational background: a
finding which is consistent with the lower rates of lung cancer in
these men (Figure 6).

In contrast to this are the Blacks who consistently are underrepre-
sented in the non-smoking and exsmoking categories and who report

using non-filter cigarettes more regularly than their White count-
erparts. This finding also obtains regardless of educational back-

Our data further indicate that among those groups who have propor-
tionately fewer smokers, i.e., Jews, White males with postgraduate
education, and women, more of the makers tend to use filter ciga-
rettes. Thus, we are aware of population groups with varying
levels of exposure to tobacco smoke condensate. We must continue
to monitor the use of tobacco by these groups in an attempt to
understand the demographic factors which relate and lead to these
differences in smoking habits. Attitudes towards smoking within
specific cultural settings are key factors influencing present
and future smoking habits of various populations.

Relationship to Other Habits

Not surprisingly, cigarette smoking is closely associated with a
number of other habits. For instance, cigarette smoking is
closely related to alcohol consumption as well as to coffee drink-
ing (Figure 8). As indicated previously, epidemiologists need
to standardize data for each variable in order to isolate

the effects of the different interrelated factors. Such stand-
ardization would permit attributing appropriate etiologic, signif-
icance to each factor. For instance, no association between
increased risk of lung cancer and alcohol consumption is found
when the data are standardized for cigarette smoking. However,

if the data were not so standardized, a lung cancer patient would
be found to consume significant more alcohol than the matched
control patient. This standardization does not mask or hide any
real association between alcohol and disease, as is apparent when
cancer of the upper alimentary tract is studied. when smoking is
standardized for this cancer, an increased risk among smokers is
found for alcohol consumption (Figure 9).

This close association between smoking and drinking must be
carefully considered by those involved in smoking cessation activ-
ities. In order to be successful in efforts to help people give
up smoking the therapist must also attempt to monitor and/or
temper the person's drinking habits. The same applies to coffee
consumption.  The first cigarette in the morning together with a
cup of coffee is a ritual for many people, and this pairing
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FIGURE 6

DISTRIBUTION OF SMOKING STATUS OF MALE CONTROLS
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FIGURE 7

DISTRIBUTION OF SMOKING STATUS OF MALE CONTROLS BY

RACE
35J
[ JwriTe (ne6213)
i Ackin-1363)
" l
25-
w
(&)
2 204
4
(7]
(&)
-3
w54
104
5+
0
NON- EX- LONG-TERM  NON- CIGAR/PIPE
SMOKER  SMOKER FILTER FILTER ONLY
AHF, 1976

78



PERCENT SMOKERS

60

55

50

45

40

35

30

25

20

FIGURE 8

NON - SMOKERS

p—
e 7+ CUPS/DAY
p—
—
=
4-6 CUPS /DAY
o
p—
~ 1-3 CUPS /DAY
p——
OCCASIONAL DRINKER
- OR SANKA
= NON-COFFEE DRINKER
SMOKE CIGAR
o &/0R PIPE ONLY
| L [ L1 1 11
1-i0 11-20 21+ weel Jof > | = | >
CIGARETTES PER DAY el | &8
lLqu\ ~ |~
OFCulwlwv|n
Oaln ajala
L b= GO =T =N e
A EHE
z o [m|9p2
-] <

79




FIGURE 9

RELATIVE RISK OF LARYNGEAL CANCER FOR MALE SMOKERS BY
AMOUNT SMOKED AND ALCOHOL CONSUMED.
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frequently continues throughout the day.

when considering risks associated with bladder cancer, coffee con-
sumption disappears as an independent fact or when the data are
standardized for tobacco usage (Wynder and Goldsmith, 1977). The
same is true for heart disease. That is, once the effects of cig-
arette smoking are controlled for, the increased risk previously
associated with coffee drinking and heart disease disappears
(Dawber, et al.,, 1974, 1975; Hennekins, et al.,, 1976; Paul, 1968).
Again, it is imperative to disassociate the two habits.

There are a number of instances where the epidemiology of inter-
related variables becomes even more complex. A case in point is
the purported association between sugar consumption and coronary
death (Yudkin and Roddy, 1964). When the data are standardized
for coffee intake - a habit which is closely associated with

sugar intake -- and in turn standardized for level of cigarette
consumption, the reported effect of sugar as a risk factor dis-

appears (Jick, et al., 1973; Klatsky, et al., 1973).

Occupations and Smoking

Occupations have a significant influence on smoking habits of
the workers both because of the level of education required for
various positions, and because of on-the-job smoking restrictions
frequently associated with a specific job. When considering oc-
cupations ranging from professional to unskilled positions it is
easy to see the dramatic effect exerted by the educational compon-
ent of the particular job on the employees' smoking habits. It
is again clear that one must standardize for cigarette smoking
before claiming that a given occupational exposure, per se, in-
creases the risk for cancer or other diseases. Our present find-
ing that lung cancer occurs more frequenlty in unskilled workers
than in professional workers, is more a reflection of the differ-
ences in smoking habits than an effect of different occupational
exposures (Figure 10).

It was the purpose of this discussion to show the interrelation-
ship of cigarette smoking to other risk factors and to socio/
cultural backgrounds -- knowledge we feel is as important both
from an epidemiological point of view as it is for those who are
concerned with how to reduce cigarette smoking in our general
population.

PREVENTIVE MEASURES

Because tobacco usage is interwoven with a variety of reinforcing
personal habits and since it is responsible for an estimated 40% Of
male cancer deaths in the.U.S., it is imperative that efforts be
directed towards developing more effective preventive programs.
We have seen that traditional public health educational efforts of

81



PERCENT

FIGURE 10

[l LunG CANCER (1) (N=730)

60-
[ JconTroLs (N=2520)
50+
40- —
30+
20
10-
]
PROFESSIONAL ~ SKILLED/ UNSKILLED
CLERICAL

OCCUPATION OF MALES

82



the past have not been fully effective because a sizeable pro-
portion of both the young and old continue to smoke. This is true
even though the health hazards of smoking are known to these peo-
ple, as indicated in a recent national survey in which two-thirds
of smokers indicated concern over the health consequences of their
smoking (U.S. DHEW, 1976b). Since it is unlikely that increasing
efforts in the area of health education will contribute substan-
tially to producing ex-smokers., additional approaches must be taken.

For Children

The program for children obviously must be directed towards pre-
venting the initiationof the smoking habit. Parental didactic
teaching program and those in schools are apparently not suffi-
cient to curtail the smoking habit of boys ard girls. The Ameri-
can Health Foundation has developed a Know Your body (KYB) program
for school children that has at its core the determination of
specific risk factors such as cigarette stoking, serum cholesterol,
blood pressure, height/weight, etc. Parental involvement in risk
factor identification and modification is encouraged and, above
all, the child's own involvement in this process is stressed. The
risk factors are explained and recorded in a Health Passport for
each child (Figure 11).

Clearly what needs to be done is to promote the health conscious.
non-smoking child as a status symbol for other children to mimic.
We feel that the active and continued involvement of children in
these programs throughout the school years is the key to future
success, particularly if begun early in the elementary school
years and continued through High School. Students must be made
aware of the pressures society places on them to take up smoking

- Pressures from parents (by example), friends, advertisements
(showing beautiful-people smoking). When they understand the
pressures, they can be shown how to cope and resist. We need to
recognize that health education is more than informing; health
education must be practiced. An early education into health and
risk factor identification is as important to the future well-being
of our children as are learning reading, writing and aritbnetic
skills.

For Adults

With regard to adults, we must accelerate efforts in respect to
smoking cessation programs. Data from the National Clearinghouse
for Smoking and Health and from our own studies indicate that a
significant percentage of adults have stopped smoking on their
own (National Clearinghouse for Smoking and Health, 1973; Wynder
and Mushinski, 1977). As we have previously indicated, the more
educated individual is more likely to give up smoking, but we
feel this action relates more to peer pressure than to better
health knowledge Vvis-a-vis the less educated groups. It appears
that, especially among educated males, the smoker is no longer
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regarded as the "insider." The principal thrust of our educational
efforts, therefore, should be directed towards theunattractiveness
and/or unacceptability of the smoking habit rather than the con-
tinued emphasis on its adverse health effects.

Naturally, there are smokers who require assistance in their ef-
forts to give up smoking. There are marry smokers who want to give
up the habit but are incapable of doing so by themselves. Such a
situation was evident in a recent Gallup Poll which showed that
approximately one-third of smokers who want to quit would be
willing to attend a smoking clinic (Gallup, 1974). This is an
area where the medical and scientific professions have failed the
general public. Whether for econonic reasons, or ah inability or
disinterest in behavior modification techniques, the medical pro-
fession has not been of assistance to the individual who desires
to give up smoking but requires help in doing so. It is evident
that well-conducted and well-monitored smoke cessation clinics
have proved to be quite a cost-effective means of aiding these in-
dividuals (Kristein, 1977). We, and others, have shown that such
programs can have a 25% success rate in terms of creating non-
smokers out of heavy smokers after one year - a one-year time
period of non-smoking generally guarantees that an individual will
not return to smoking (Figure 12.) (Shewchuk et al., 1977). Recent
evidence indicates that such success rates can be doubled, however,
with appropriate maintenance after the termination of therapy.

Comparing individual therapy, hypnosis and group therapy, we have
found the latter to be the most cost-effective method. More re-
cently, our clinic procedures have benefitted from the research
efforts of behavior scientists interest& in behavior change.
Smoking cessation treatment packages are now becoming more sophis-
ticated, structured, and effective as they incorporate new strat-
egies derived from behavior modification and learning-theory per-
spsctives. Examples of some of these strategies include such
diverse techniques as stimulus control, self-regulated punishment,
and aversive procedures. These strategies are directed at reducing
the rewarding aspects of smoking behavior. In addition, strategies
aimed at rewarding non-smoking include such notions as positive
reinforcement training, contingency contracting, and non-smoking
practice.

The specific role of these techniques will be to help us develop
better treatment packages acceptable to the large number of smokers
seeking help. Smoking cessation efforts need to be directed partic-
ularly to the heavy smoker and to those Smokers with the identified
risk factors previously described. As we progress, we should also
reach a stage where we can get almost any motivated smoker to
achieve initial success off cigarettes. The key to improving these
results will be in the development of methods to help smokers stay
off cigarettes. A complex overlearned habit such as smoking
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doubt requires some degree of relearning to overcome. As we begin
to achieve greater success in this area, smoking clinics will de-
velop more credibility. The less-motivated two-thirds of smokers
who want to quit will also be tempted to give it a try.

We feel that smoking cessation clinics should become an integral
part of the entire medical care delivery systemand should receive
at least partial reimbursement from health insurance carriers.
What type of medical insurance system do we have that pays for all
costs related to lung cancer and other tobacco-related diseases
but does not reimburse the medical establishment for attempts to
reduce the causes of these diseases? Working populations should
be able to attend smoking clinics as part of the work schedule
and the time could be counted as part of the permitted sick days.
It must be stressed, however, that as more and more smoking ces-
sation clinics begin to operate, they must, in order to be accred-
ited, follow specific guidelines (Shewchuk et al., 1977 ). If
properly conducted, smoking cessation clinics should and could
make important roads in reducing cigarette smoking in our adult
population.

The Less Harmful Cigarette

As long as we as a society, however, permit and condone cigarette
smoking (and it is obvious that we are unwilling and/or unable to
prohibit this habit), many young people will begin and my adults
will continue smoking. It is, therefore, incumbent upon us not
only to continue the efforts outlined above but also to continue
working towards the development of the "less harmful cigarette" --
a cigarette that is less harmful with respect to cancer as well as
to cardiovascular and chronic obstructive pulmonary diseases.
During the past thirty years, a significant reduction in the tar
and nicotine levels of all cigarettes has taken place in the
United States and in other countries (Figure 13). More recently,
much effort has been given to the production of cigarettes with
tar yields of 10 mg and less (Figure 14). Epidemiologic evidence
relative to tobacco-related cancers in addition to data recently
reported for coronary heart disease, have indicated a reduced

risk among filter smokers for these diseases (Figure 15) (Hammond
et al., 1976). Since all of these individuals began their smoking
habit with the old high tar, high nicotine cigarette, it can be
safely assumed that the risk of tobacco-related diseases among
lifelong users of low tar cigarettes would be lower than among
those who switch to lower tar cigarettes late in life.

In terms of carcinogenesis, the cigarette must be low in tar as
well as specifically low in tumorigenic agents. This area of in-
vestigation has been and continues to be researched by Hoffmann
and his colleagues (Hoffmann et al,, 1976). Research into the
chemical and biological nature of the less harmful cigarette and
the epidemiologic monitoring of the health hazards of such ciga-
rettes need to be continued. While the tobacco industry is expect-
ed to continue its work in the reduction of tar and nicotine in
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FIGURE 14

MARKET SHARE FOR LOW-TAR (1 - 15MG) CIGARETTES,
1967- 76
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cigarettes, it is also necessary for the non-industrial, scientif-
ic Community to contribute to this field. We believe that this
field will increasingly contribute to the reduction of tobacco-
related diseases.

At present, the funding for tobacco andhealth related programs,
whether for education, smoking cessation programs or the develop
ment of a less harmful tobacco product, is minimal in contrast to
themagnitude of thediseases and medical costs createdby
smoking. In view of the fact that tobacco-related cancers account
for approximately one-third of the total cancer deaths in males
and an increasing number of suchdeaths are being evidenced

in females, the total funds available for smoking related pre-
ventive programs as part of the National Cancer effort, appears
trivial, at best. Inaddition to greater funding, it is neces-
sary for various government and voluntary health agencies to
coordinate specific chemical, biological, clinical and educational
research programs in an effort to combat these diseases.

Summary

What needs to be done with respect to reducing tobacco-related
illnesses is to coordinate and support a broad innovative

program involving health education for our children and for
adults; to develop and practice better smoking cessation programs
for smokers; and to further the development of an increasingly
less harmful cigarette. These program need to have the financial
and scientific support of governmental agencies, voluntary health
organizations, the medical establishment, various scientific
professions, and society, in general. There appears to bean
insufficient sensitivity in these groups towards this issue, par-
ticularly when compared with other public health issues concerning
environmental carcinogens. Excessive tobaccousage has been well
demonstrated to have a far greater impact on ill health than most
other environmental factors. The question that we continue to ask
ourselves as a society is why we do not act differently. One great
disappointment of those engaged in the smoking and health area for
much of their lives is not so much the action of vested interests
that could be expected, but rather the general apathy of the mad-
ical and scientific professions towards tobacco-related issues.

It has been said that those who do not learn from history are con-
demned to relive it; one of history's lessons is that most major
triumphs in medicine have resulted from preventive measures. When
the final chapter on tobacco-related diseases is written, history
will once again have repeated itself. The question remains
whether we as a society have the ability to learn this lesson from
history and act upon it accordingly.
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DISCUSSION OF DR. WYNDER'S PAPER

The first question directed to Dr. Wynder concerned specific agents
in cigarette smoking and their relationship to specific disorders,
one implication being the impact of these relationships for the dev-
elopment of a safer cigarette. While stressing the complexity of the
guestion, Dr. Wynder stated that cancers of the mouth, larynx and
esophagus are probably solely related to the contact carcinogens in
the particulate phase; that cancers of the bladder and pancreas could
conceivably be related to volatile nitrosamines in a gas phase; that
in the area of cardiovascular disease, nicotine and carbon monoxide
have been implicated with arteriosclerosis and sudden death although
there are differing opinions; and that we know very little about the
role of specific cigarette components and emphysema. Is the causal
agent in the particulate or gas phase? Are the gaseous components
that relate to the celiatoxic effects or to the effects of degrading
mucous important? There are few human studies done; yet it is very
important to determine, for example, whether a specific reduction of
celiatoxic components would reduce the incidence of emphysema.

Dr. Wynder was asked about a paper in his recently edited book
from the World Health Conference in which Dr. Ward, from England,
states that coronary mortality decreases substantially if the
smoker exercises, concluding that this may be due to the reduction
in the half life of carboxyhemoglobin. His response was that the
epidemiological problem in such studies is that exercise is so
closely interlinked with other risk factors that causal attribution
is impoysible . These studies would have to be expanded signifi-
cantly for further definition.

Questioned about the different success characteristics of various ces-
sation programs, particularly considering the success of the "MR. FIT’
Program (Multiple Risk Factor Intervention Trial), Dr. Wynder stressed
the importance of commitment to any program by staff, including zea-
lous follow-up in the form of calling people at home, getting their
family involved and being persistent. While this costs more, he feels
the cost effectiveness warrants the initial monetary outlay. Cost is
a major consideration for any program, so much so in his own efforts
at the American Health Foundation (AHF), that he has established a
Division of Health Economics. Dr. Wynder stressed that a prevention
program should not be directed solely to smoking, since cost effec-
tiveness is maximized when blood pressure, alcohol consumption and
weight control are also considered. Indeed, he claims that these be-
haviors are synergistic. For example, AHF is finding that success in
reducing someone’s alcohol consumption by preventive intervention in-
creases that person’s performance in a smoking. cessation program.

Dr. Wynder's Health Passport strategy was praised for the implication
that children using it would become more interested in their own
health care and at an early age. The question was raised whether this
approach included an experimental control. In the case of making,
for example, could it be stated with any certainty that these children
are or will smoke less than a matched control group? Without hard
evidence such as control group differences it would be difficult to
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convince a large city school system, such as Los Angeles, to foster
preventive health programs for cancer or heart disease. The typical
response from these school systems is that the problems they are con-
cerned with are here and now - drug abuse, venereal disease and crime
- not problems which won't reveal themselves potentially for years.
Dr. Wynder replied that the AHP, through its program in a predomi-
nantly black New York school. is finding once again the synergistic
effect. When students become interested in their health using the
Health Passport, the principal notes increased compliance to school
regulations. There is ‘a ripple effect; it is anticipated that the
ripple will touch on other health and sociological behaviors.

It is difficult to document all this scientifically. The end points
for success will take years to measure and, of course, measuring will
cost money. But the theoretical principles underlying the Health
Passport intervention appear sound. In the AHP study design for this
program some schools are only screening and no intervention occurs.
At other schools interventions will be carried out in varying degrees.
In that way, the study can show to what extent intervention is succ-
essful.

Joseph W. Cullen, Ph.D.

97



Smoking Behavioral Factors as
Predictors of Risks
Thomas M. Vogt, M.D., M.P.H.

The ability to detect an epidemiologic association is related to
the accuracy with which the dependent and independent variables
can be assessed. Literally hundreds of papers have been written
over the past three decades, in which cigarette smoking has been
associated with various disease outcomes. The vast majority of
these papers have measured exposure by interview and/or by
questionnaire. Very little has been written concerning the
accuracy of these smoking assessment techniques. Since the way
in which a smoker responds to questions about his smoking
behavior is itself a smoking related behavioral variable, it
would be very useful to have other methods of validating these
responses.

In recent years a technology has been developed which permits a
biochemical measure of tobacco exposure through the analysis of
blood or urinary nicotine (Russell and Feyerabend, 1975),
plasma thiocyanate (Bark and Higson, 1963; Butts et al. 1374;
Denson et al. 1967; Vogt et al. 1977), blood carboxyheroglobin
(Ringold et al. 1962; Russell et al. 1973) or expired air
carbon nonoxide levels (Aronow et al. 1971; Robinson et al.
1975; Russell et al. 1973, Vogt et al. 1977).  Although each of
these tests has its own sources of error, they differ from
questionnaire errors in being less subject to conscious or
unconscious manipulation by the individual.

In this report an extensive smoking questionnaire-interview is
compared with two of these biochemical measures of exposure. This
is a combination of material presented at the AHA Council on
Epidemiology meeting in New Orleans in February 1976 and of
additional data presented at the Seattle meeting of the Society
for Epidemiologic Research in June 1977. Plasma thiocyanate is
elevated in smokers as a consequence of the trace amounts of
cyanide found in tobacco. The biologic half-life of thiocyanate
is 10-14 days (Pettigrew and Fell, 1972). Expired air carbon
monoxide is elevated in smokers because of the high concentrations
of carbon monoxide in cigarette smoke which are converted to
carboxyhemoglobin after inhalation. Carboxyhemoglobin may be
directly analyzed in blood samples, but it is technically

simpler and less expensive to analyze expired air carbon
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monoxide Which is directly proportional to the blood carboxyhemo-
globin levels (Cohen et al. 1971; Rea et al. 1973; Ringold et

al. 1962). Half-life of the carboxyhemoglobin is 3-4 hours.
Because the findings have important implications for the study
of smoking behavior it was elected to include them in this
monograph.

The subjects in this study were males aged 35-57 enrolled in

the San Francisco clinic of the Multiple Risk Factor Intervention
Trial. One hundred and forty-two persons received both expired
air carbon nonoxide and plasma thiocyanate determinations at

the time of entry into the study. Ninety-eight of these were
snokers and 44 Were non-stokers by questionnaire. Persons Who
Smoked only pipes, cigars or cigarillos are excluded from this
analysis.

Each man filled out a smoking questionnaire in an interview
with a clinic staff member. This questionnaire consisted of
many items, 17 of Which are discussed here. In addition, a
second smoking questionnaire was completed a short time later
during the same clinic visit by the staff member administering
the expired air carbon monoxide test. Results from this second
guestionnaire are included only to the extent of comparing
response to the question:

How many cigarettes do you usually smoke per day?

When it is asked of current smokers on two different occasions.
Twenty-two percent of persons gave different answers on the two
guestionnaires given about an hour apart. Three persons denied
smoking on one of these questionnaires and admitted it on the
other. One person said he smoked 50 cigarettes per day on one
guestionnaire and 2 cigarettes per day on the other. The digit
bias seen in questionnaire responses is evident from the fact
that half the smokers report smoking 20, 30 or 40 cigarettes
per day. This information confirms the fact that the questionnaires
suffer problems of reliability and repeatability. Initially we
used the data from these tests to separate smokers from non-
smokers.

Figure 1 sumnarizes these results. We found that plasma
thiocyanate and expired air carbon monoxide levels exhibited a
dose-response relationship With reported number of cigarettes
smoked.

In addition, we found that most stokers can be classified by
either biochemical test alone into smoking and non-smoking
groups, and that the two tests together provide almost 99%
agreement With the questionnaire in classification of non-
marginal smokers. We identified a category of marginal smokers
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TABLE 1

Product-moment correlation matrix for SCN, CO
and 5 questionnaire variables for the 98 smokers

Started Highest No. Since
Smoking  Cig/Day Cig/Day Last Cig SCN co SCN+CO
Age of Smoker -.051 -.130 -.068 .200 -.198  -.196 -.220
Age Started
Smoking -.163 -.095 .038 -.197  -.052 -.121
Cigarettes
Per Day 732 -.294 ,483 491 .551
Highest No.
Cigarettes
Per Day -.293 .395 .355 .392
Time Since
Last Cigarette -.244 -.405 -.372
SCN 573 .880

co .893




TABLE 2

Stepwise multiple regression for all 17 questionnaire variables with
the SCN+CO index as the dependent variable. Smokers only. Question-
naire items are listed by order of entry into the regression equa-
tion. R? = the proportion of the SCN+CO index variance explained

by all questionnaire items entered up to and including a given
variable.

Questionnaire Variable R?
1. Cigarettes per day 244
2.  Time elapsed since last smoking .308
3. Longest time smoker ever stopped smoking 370
4.  Frequency of inhalation 397
5. Average amount of each cigarette left unsmoked 427
6. Use of cigarillos plus cigarettes 451
7. Use of pipes plus cigarettes 461
8. Time since a smoker last quit smoking 471
9. Nicotine content of usual brand ATT7
10. Tar content of usual brand 484
11. Age of smoker 490
12. Use of cigars plus cigarettes 495
13. Depth of inhalation 501
14. Highest number of cigarettes smoked

per day in the past .503
15. Amount of each cigarette left unburned .505
16. Use of filter cigarettes .505
17. Age at which smoking was started .505
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on the basis of their questionnaire responses (persons who deny
inhaling and/or who smoke less than 8 cigarettes per day by
questionnaire), and found that their biochemical indices were
highly scattered. Sane had CO and SCN levels as high as heavy
smokers, others had profiles similar to those of non-smokers.

Figure 2 shows the relation between SCN and expired air CO for
all persons tested. The dichotanization is good, but there are
false negatives - persons who say they smoke, but who fall

in the non-smoking for both tests. Removing the marginal
smokers, (Figure 3) however, eliminates all of these false
negatives.

In Figure 4 these marginal smokers are viewed separately.

Their levels of exposure are highly variable, but the CO and
SCN tests consistently agree on their relative exposures.

These data indicate that the group of persons who think they
don't inhale and/or who smoke < 10 cigarettes per day is really
a composite of persons whose exposure is minimal and a second
group whose exposure is similar to that of heavier smokers.

Our experience suggests that in general, those with less exposure
have always smoked marginally, while those with higher exposure
were heavier smokers who have cut down.

Nearly all "errors" in categorization involved persons with
marginal ("atypical”) smoking histories. If this group is
removed from the analysis, the remaining smokers are identified
by the two tests with an accuracy of 98%. The "atypical”
smokers had unpredictable CD and SCN results ranging from non-
smoking to heavy exposure levels. It is inferred that while
many “atypical" smokers may be at little or no increased risk
of disease, some individuals (identifiable only by biochemical
testing) may have the same risk as conventional heavy smokers.
The discovery of a group of persons whose tobacco exposure is
not adequately categorized by smoking history is an important
outcome of CO and SCN testing.

Following this analysis multiple regression and analysis of
covariance were used to explore the relationship between the
individual questionnaire items and the results of the bio-
chemical measures of exposure.

Table 1 is a matrix of product-moment correlation coefficients
among the five questionnaire variables for the 98 subjects who
reported that they smoke cigarettes. The SCN+CO index is a
single variable calculated in the following way: The values of
SCN and COD were normalized by subtracting their mean values and
dividing by the standard deviation to form the first principal
component. This summary variable explains 80% of the total
variation in SCN and CD measurements and reflects in one number
the joint effects of the two variables. SCN and CO levels are
more highly correlated with each other (r = .57) than with the
reported number of cigarettes per day, (r = .48 and .49 respectively)
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and the SCN+OO index is more highly correlated with reported
smoking frequency than is either test alone. SCN levels are
directly correlated with the highest number of cigarettes
smoked per day in the past and inversely related to the age of
the smoker, the age at which smoking was started and the time
since last smoking. Expired CO) is also directly related to the
highest number of cigarettes smoked per day in the past and
inversely correlated with time since last smoking and with age.

In the multiple regression analysis the time elapsed since last
smoking contributes to the co regression because the biologic
half-life of the carboxyhenoglobin is only 3-4 hours. The
multiple regression of SCN with its half-life of 10 to 14 days
is not appreciably affected by the time since last smoking, and
the relatively strong correlation of -.244 is presumably due to
the association between time since last smoking and the number
of cigarettes smoked per day. The overall multiple R for oo
is as great as that for SCN suggesting that the time since last
smoking does not substantially confound the oo data. Neither
SCN and oo nor the combined SCN+CO index are correlated appreciably
with the tar or nicotine content of the usual brand smoked.

Table 2 presents the results of the multiple regression analysis
used to evaluate the separate contribution of each questionnaire
variable in predicting the SCN+CO index. The overall squared
multiple correlation coefficients demonstrate that all questionnaire
variables combined account for 42% of the variation in SCN and
co and for 50% of the variability of the SCN+co index. The
reported number of cigarettes smoked per day accounts for more
than half of the multiple R . Only two other variables add
significant information to the regression - the time elapsed
since last smoking (6%) and the longest time the smoker has

ever quit smoking (6%). The remaining 14 variables together
add another 1%. With a larger sample size the contribution of
some of these might become statistically significant, but it is
not likely their biologic importance would be great. The
contribution of cigars (n = 16), pipes (n = 7) and cigarillos

(n = 7) is not interpretable from these data due to the fact
that so few persons used them in addition to their cigarettes.
It is inferred that measures of dosage such as reported depth

of inhalation may be related to disease chiefly through their
association with smoking frequency. The validity of this
inference, however, must be tempered by the absence of empiri-
cal evidence to date linking SCN and CD to tobacco-associated
diseases, although it has been well demonstrated that these
tests do measure acute exposure. Prospective studies are
needed to validate their use of dosage indicators.

An analysis of covariance was performed to explore the

relationship that each of the variables showed with the biochemical
measures of exposure. CD and SCN were designated as dependent
variables measured at different levels of an independent variable,
in this case the longest time a smoker has quit in the past.
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Adjustment for reported number of cigarettes per day and time.
since last smoking was accomplished by treating them as concomitant
variables. Present smokers who have never stopped smoking have
mean CO levels after adjustment for reported smoking frequency
that are 40% higher than those of smokers of the same amount
who have quit for more than a year in the past. This finding

is intriguing and suggests that the degree of success in past
efforts to ‘quit -- ‘a measure of the smoker’'s bond with his
cigarette -- may reflect the dosage of tobacco exposure from
each cigarette. An alternative, but less likely explanation, is
that persons who have never quit smoking in the past are more
likely to under-report the number of cigarettes they smoke. The
conclusion is the same in either event -- that most information
concerning habitual tobacco exposure is contained in two questions:
1) How many cigarettes do you smoke per day? and, 2) What is

the longest period you ever quit smoking? In contrast, reported
depth of inhalation is significantly associated with CO and SCN
levels before adjustment. However, after adjusting for number
of cigarettes per day and the time since last smoking the
statistical significance of the relationship is lost. This
suggests that reports of an association between questionnaire
assessed depth of inhalation and disease may be spurious and
due to the fact that persons who smoke more cigarettes tend to
report deeper inhalation. This does not necessarily deny an
effect of depth of inhalation so much as it suggests that
individuals are not very good at estimating their own actual
inhalation patterns. Similar analyses for other questionnaire
variables were performed. No significant associations were
found between any of these questions and the biochemical measures
of exposure after adjustment for smoking frequency and recency,
confirming the multiple regression findings.

The argument presented thus far suffers from a circular reasoning
problem; the questionnaire responses that have been used to
validate the biochemical indices may themselves be suspect.

The validity of the biochemical tests as measures of tobacco
exposure is supported by the nearly perfect way that the tests
separate smokers from non-smokers.

In addition, the 17 questionnaire variables explain only half
of the variability in SCN and CO levels. The remaining varia-
tion may result from measurement error, non-tobacco sources of
exposure to SCN and CO, and/or biologic variance. Measurement
error is small for both tests; Co results are repeatable with a
correlation coefficient of .97 and the SCN levels in pooled
human sera in our laboratory have a standard deviation equal to
only .83umol/l. The environment contains other sources of SCN
(Bark and Higson, 1963; Denson et al. 1967) and CO (Goldsmith,
1968) but the clear separation of non-smokers from smokers
suggests that ambient sources of exposure do not substantially
distort the SCN and CO levels in the population sample tested.
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The CO and Sa determinations are inexpensive and objective.

The SCN determinations can be carried out unobtrusively in any
study for which serum or plasma is being obtained. The CO
reading is obtained non-invasively with a portable instrument
that provides immediate results. The findings of this study
suggest that future work with these techniques might considerably
refine our understanding of the relation between tobacco exposure
and disease by allowing the identification of specific individuals
whose risk of tobacco-associated disease is much higher than
that of other smokers due to the high degree of exposure they
receive from their tobacco use. It also suggests that smokers
who cannot or will not quit might be trained to smoke in less
harmful ways by using the CO analyzer as a feedback device. At
any rate, these data indicate that some of our basic assumptions
about tobacco and disease - such as the relation between reported
depth of inhalation and disease outcome - are deserving of
conscientious re- examination.
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DISCUSSION OF DR. VOGT'S PAPER

Dr. Vogt's data showed that smokers maintain stable levels of carbon
monoxide and thiocyanate while decreasing the numbers of cigarettes
smoked per day. The question was asked whether they could be titra-
ting, that is, inhaling more deeply or switching to cigarettes with
less tar, some of which have higher associated outputs of carbon mon-
oxide. Dr. Vogt's response was that while these data are preliminary,
he thinks that is what is happening.

A question arose about the wash-out of the degree of inhalation ob-
tained when the amount of cigarettes smoked was adjusted. Could it
not be, even in a non-inhaler, and specifically with thiocyanate,

that mucousal absorption is a factor? Dr. Vogt supported the need

to study titration as a factor. He asserted, however, that the dose-
response curves, looking at mean thiocyanate levels, are reliable and
that several other investigators have reported similar curves. People
who smoke very little have low thiocyanate levels. Resides, in the
unadjusted data, the expected association between the depth of inhala-
tion and thiocyanate levels did obtain. He is not aware of any study
where there has been an adjustment for cigarettes per day in deter-
mining exposure levels. He could only conclude that the data sugges-
ted to him that this adjustment washes out the association.

Another possibility is exploring the product of the amount of inhala-
tion times the number of cigarettes. This recommendation led to spec-
ulation that saliva contains significantly higher thiocyanate levels
than blood or tissue and that it is rapidly absorbed through mucousal
tissue. Consequently, people who don’'t inhale may still get substan-
tial systemic levels of thiocyanate. Dr. Vogt ad&d that the same
effect of depth inhalation also washed out for carbon monoxide with
covariance analysis.

Final topics related first to side stream smoke then to the amount of
inhaled carbon monoxide. To what extent do people who say they do not
inhale keep their cigarette close to their nose, thereby achieving
the same or at least a partial effect of inhalation? Dr. Vogt acknow-
ledged the importance of the question but did not have data to add
any clarification. Finally, he was asked about other factors that may
influence thiocyanate levels such as alcoholism, since it has relevant
effects on oral enzyme systems. Dr. Vogt referred to recent data col-
lected by his group indicating no discernible association between car-
bon monoxide or thiocyanate and alcohol consumption. Studies examin-
ing whether thiocyanate levels consequent to consumption of cyanide-

containing foods (e.g., turnips, cabbages, almonds, etc.) reveal only
negligible increases (a few micromoles/liter).

Joseph W. Cullen, Ph.D.
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DISCUSSION

Bernard H. Fox, Ph.D.

I have been asked to discuss the preceding presentations formally.
My comments will deal briefly with Drs. Schuman’s and Wynder’s
presentations, review some facets of Dr. Vogt's paper: and close
with a few considerations generally relevant to the conference
topic.

In view of Dr. Schuman’s usual thoroughness and diligence, it only
remains to suggest that his synthesis of data on social phenomena
and smoking should and will become an important source for over-
view or baseline purposes. Such a collection in one place is very
valuable. One comment might be in order, however. He remarked
that age at start of smoking has declined over the years. He also
declared that those who stopped smoking started later than those
who continue to smoke. If this still holds true after controlling
for amount smoked, we will probably find it much harder in the
future to be successful in cessation programs, assuming that there
is a cause-effect relationship between age at starting and success
in stopping, rather than an association by happenstance. | pro-
pose that habit patterns of lower organisms that are learned early
are acquired more easily and last longer than those learned later
in life. |1 believe it to be true of humans too. This proposed
phenomenon would ride on top of nicotine-dependence phenomena so
well researched by Dr. Russell. Two corollary hypotheses are that
filter users will turn out to be late starters because, nicotine
demand will probably be high in early starters; and early starters
will be heaviest smokers. That is why a test of the first proposal
should involve controlling for amount smoked.

Dr. Wynder's summary of the possible sources of the smoking habit
and of the contribution of smoking to the epidemiology of various
diseases leads him to recommend several courses of action. That
he is a member of a scant and lonely chorus does not change their
intrinsic good sense; and the fact that we and the world at large
have been slow to follow up on them only reinforces his logic in
making those recommendations here.
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Dr. Vogt's paper, presenting new data, draws attention of a differ-
ent kind, and is perhaps more vulnerable to minor quibbles than

the other speakers' summary material, as is the case with most new
work.

First, he should be complimented on using the breath-holding tech-
nique for collecting carbon monoxide samples. For many years |
was involved in measurement of breath alcohol, and in the process
of attempting to reduce the variability of the instrument, carried
out a test of short and long breath-holding techniques (Fox et al.
1969). Dr. Vogt's breath-holding time corresponds to one of the
ones | tested. The diffusion coefficient of CO being larger than
that of alcohol, his breath-holding procedure would yield a value
even closer to equilibrated gas concentration than | found for
alcohol.

Second, his noting of digit bias was valuable. It may be worth
estimating the measure of such bias. A similar end-digit prefer-
ence was found in readers of the normally distributed blood
pressure of sane 40,000 gravidae over their pregnancy terms
(Friedman et al. 1976). In a distribution of a sample of some
1400 readings, the mean diastolic pressure was close to 70 mm Hg,
with a standard deviation of about 10. If the class interval is
10, beginning with the decade, the reading of 70 is overloaded.
| calculated that there were 20.5% fewer entries in the frequency
of the 60-69 class interval than there would be if the distribu-
tion were continuous, and normal. A shift of one unit in the class
interval to 61-70 would underload the interval 71-80 by about the
same amount. In Dr. Vogt's data about 30 cigarettes per day were
smoked on average, with S.D. g 17. While a distribution with
class interval of 10 and S.D. of 17 would seem to lead to smaller
error of frequency. than one with S.D. of 10, the proportion of
digits ending in zero within an interval is greater here than in
the blood pressure case (70%, 75%, and 80% respectively in the
intervals below, containing, and above the mean) and the distri-
bution is skewed to the right and leptokurtic, with 64% of the
cases being contained in those three intervals. Such conditions
tend to restore the magnitude of expected error to a value, |
estimate, close to the same 20% in the central intervals. The
impact of such error could be considerably reduced if analysis
were done on intervals whose bounds ended in the digits 4, 5,

. The blood pressure data were, in fact, dealt with in
this way, thus avoiding some biases that are associated with
clustering at the digit zero. | calculated the error of interval
frequency where the zero stood in the middle of the interval to
be about 4%, which is tolerable. The same should hold here.

Dr. Vogt has used multiple regression and covariance analysis to
arrive at estimates of relationship between number of cigarettes
smoked per day (cig./day) and levels of carbon monoxide (CO) and
thiocyanate (SCN). In these procedures the zero-order regressions
used were all linear. However, in using these statistics there
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is considerable danger of underestimating the relationship for one
set of reasons and overestimating it for another. First, data are
available (Hawkins et al., 1976;-Coburn et al., 1965; and Wald et al.,
1975) to show that the relation of CO level and cig./day is curvi-
linear, taking the form of a negatively accelerated exponential
rising to an asymptote. The curve tends to flatten out quickly at
low CO levels for-active workers and to continue rising to a high
CO asymotote for sedentary workers (Hawkins et al.. 1976). We
infer’ that a coefficient of linear correlation between cig./day
and CO level will considerably underestimate the true relationship
in the case of active people, where the curve is severe, and where
high levels of smoking yield little increase in CO over moderate
levels. In the case of sedentary people the curve is closer to
linear over a larger range of CO level and cig./day, and a linear
correlation will suffer a much smaller underestimation. Since the
asymptote depends strongly on the rate and depth of breathing,
which are in part functions of activity level, I hypothesize that
idiosyncratic differences in rate and depth among people having
equal activity -- say, sedentary -- should likewise lead to differ-
ences in curvilinearity . In future studies it would be very
valuable to record these variables. In any case, because of the
exponential form of the curve, a log transform would lead to almost
linearized data, and the analysis would proceed as before, with
smaller underestimation of the multiple regression due to curvi-
linearity.

I hypothesize the same theoretical rationale for SCN. Since the
half-life of SCN is 12-14 days and cyanide uptake with consequent
development of SCN proceeds at a relatively constant rate during
the day, it is reasonable to suppose that the SCN level does not
achieve unlimited growth, and that an asymptotic relationship to
cig./day similar to that of CO obtains (Butts et al.,, 1974). We do
not, however, have independent estimates of the levels of this
asymptote for many populations or the relationship among factors
determining level of SCN such as amount of SCN absorbed, amount
reabsorbed-in the gut from saliva; and the like. Some estimates
exist. however (Boyland et al.. 1974). On examining Dr. Vogt's
SCN data | found a clear asymptote emerging in the region of 200
umol/l. This is not far from the asymptote derivable from the data
of Butts et al.,, 1974. Moreover, for Vogt's subjects, the level
of SCN approached an asymptote faster than the CO data, which were
close to linear at levels up to 50 cig./day. The combination (CC +
SCN index) has a mild curvature at these levels, so that while

a log transform would improve the relation of the index to cig./
day, only a modest amount would be added to the total explained
variance for cig./day levels up to 50. In the present sample

from the MR FIT program, the mean cig./day were high compared to
the average sample of smokers, and from the CO curve, this sample
seems to be made up mostly of low activity people (or they were
made less active by the experimental situation). Since the sample
contains three smokers whose daily reported consumptions were 60
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and one each of 70, 74 and 97, if these four data points showed
relatively small CO rise, as | suspect, then they would affect
the relationship inordinately, and the log transform might, in
fact, improve things more than a little, even for the CO curve,
thus making it more important to apply such an adjustment..

Thus far we have pointed to the probable underestimation of multi-
ple correlation values because linear regressions of raw rather
than log data were used in the analysis. On the other hand, over-
estimation is almost certain for multiple correlation values, since
the least-squares estimate capitalizes on chance correspondences.
Whatever the population correlation p, R is Inflated over p.
Formulas for estimating an unbiassed R? exist (Olkin et al. 1958).
In this case the increased explained variance associated with the
addition of 14 variables over a basic three differs little from
that which will accrue if all 14 were independent of the outcome.
This fact is consistent with Dr. Vogt's suspicion that these
variables do not add much to the basic ones. Nevertheless, |
think that if certain other information were available some of
them might be predictive; e.g., depth of inhalation or frequency
of inhalation. A propos of the exponential curve, Fig. 1 for
Vogt's sample seems to show considerable departure from the Hawkins
curves. Correspondence with those curves becomes substantially
greater if some adjustments are made in the figure. First, the
zero point is 5 units too far from the center of the I-9 interval.
For the CO curve an adjustment leads to almost a linear rise from
no smoking to 10-20 cig./day. While the class intervals are
irreqular (1-9 followed by 10-20), the curve is not affected by
the digit bias, which begins beyond 10 cig./day. More Important,
however, grouping the remainder of the data values in a category
21+ leads to too steep a rise from 10-20 to that point, which is
placed as far from 10-20 as the latter is from 1-9. A weighted
centroid would place the point at about 43, and the last rise In
both curves would be rather flat, if one decided to display the
data of 58 out of 98 data values at one data point, a procedure
which might be questioned.

Dr. Vogt suggests the CO analyzer as a feedback device for those
trying to reduce smoking. | applaud heartily. The need for addi-
tional reinforcement to people trying to stop smoking is very
Important. But we must be cautious in such an effort, as will be
seen from the issues to be raised now.

I would like to address a related matter. Several people have
said there is some doubt about the truthfulness of those claiming
to have quit in smoking cessation classes. Delarue in Canada
(Delarue et al. 1971) showed this doubt to have some grounding,
in that 22 out of 107 claimed ex-smokers had carboxyhaemoglobin
(COHDb) levels above 2%. While there may be found sane nonsmokers
with such levels (Russell et al. 1976), Delarue et al. tallied
their group. At what point would one say there is little doubt:
3% COHb, 4%? Delarue et al. found 7 cases between 2% and 3%.
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Are all of these to be deemed nonsmokers? At this point an SCN
test would be valuable, since its half-life is longer. Of the 22
cases, 8 admitted to lying. A similar experience was described
by Ohlti et al. 1976. They found 35 out of 109 with raised COHb
values. Of 32 contacted, 13 admitted smoking. Half of the 35 had
levels above 3% COHb. Of the 19 remaining, 7 refused to come In
for a test. The levels of 11 of the remaining 12 were normal on
retesting with advance knowledge.

The point is that while we can use a blood, breath or saliva test,
knowledge of that test may result In a subject not smoking for the
test. Evans showed that some children did not smoke after seeing a
saliva analysis on film and having their own saliva sampled.

(Evans et al. 1977). OhlLn took blood when the subjects didn't
expect It!

But if you are to carry out 6, 12, 1.8 and 24 month follow-ups, the
jig is up on the first test at 6 months, when you make the appoint-
ment. It would be possible to deceive the subject and say you are
looking for something else, but then the Committee on Experimenta-
tion on Human Subjects may look askance at the deceit. How shall
one manage It? Perhaps the best way is to use a test of a long-
lasting residual such as SCN or alkaline phosphatase and tell the
subject truthfully that he will be tested. It will be the rare
subject who will abstain as much as two weeks in anticipation of
the test. He will probably think that a day Is enough. If he asks
the duration of a blood sign, one ought to tell him the truth.

But then, one or two such who do deceive will not destroy the
experiment. As many as 20 or 30 percent deceiving, however, might.

A larger, scale test than Ohlin's with better ascertainment should
be carried out; | hope to be able to do this.

Dr. Vogt's circular reasoning problem may not be as severe as he
thinks, but there may be a more fundamental Issue to consider. In
his first paragraph he suggests biochemical tests to validate
questionnaire responses. In such a case the latter are being used
as a convenient predictor or measure of the more fundamental cri-
terion, biochemical tests. If so, then the measure cannot validate
the criterion, as suggested in the circular reasoning argument.
On the other hand, if the criterion is whether a person smokes,
then the first paragraph is Inconsistent with such a criterion.
Predicting the criterion of separating smokers and nonsmokers is
an objective in one part of the study -- Figs. 2 and 3; and pre-
dicting the criterion of levels of CO and SCN from questionnaire
responses is an objective in another -- the multiple regression
and analyses of covariance. If these objectives are identified
and addressed as complementary problems, with awareness in each
case of predictor and criterion, there is no circularity, provided
they are separated. Perhaps one should ask whether there are even
more fundamental criteria. They would be identified if we answer-
ed the question, what use will be made of a given criterion? For
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example, are we interested in CO for its own sake or because It
may predict heart disease risk? If so, CO is then an intermediate
criterion. Do we want to how how much tar is Inhaled, for cancer
related studies? Then number of cigarettes may be Important, and
Inhalation becomes a critical variable. Are we interested In heart
disease in general? Then CO level or cig./day may not be enough.
We may need to add nicotine level, or perhaps substitute It for
cig./day.

In any case, Dr. Vogt has demonstrated that answers to his question-
naire do not predict well the levels of CO or SCN, but that he can
identify self-reported smokers and nonsmokers rather well from CO
and SCN levels in the special situation of a MRFIT sample.

One last item. | followed with interest Dr. Russell's published
discussions and his opinion that we need a high nicotine, low CO,
low tar cigarette because this will lead to the lowest rate of harm
from smoking. 1 would like to know if a cost-benefit study could
be done on this topic (using lives or years lost as the cost factor)
and address- the known rates of excess heart disease mortality
as well as cancer mortality. This cigarette would be compared
with a moderately lower nicotine cigarette having corresponding
levels of tar and CO. Here, some people would accommodate over
time. The net yield of lives or years saved (lost) would be evalu-
ated in both cases and compared.
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Epidemiology: Session Overview

Joseph W. Cullen, Ph.D.

Many smokers rationalize their habit by pointing to the late demise
of some close relative who smoked excessively but lived to be 96.

Is there epidemiologic evidence to account for this discrepancy?

The answer offered was that there is such evidence which may be
explained by some genetic protection. But the fact is that smokers
of longer-lived parents have been shown to die earlier than non-
smokers. It was also argued, that in all these studies, including
the case-control variety, we always contend with interview bias.

For example, someone may say his father lived to be very old in spite
of his excessive smoking. It is not always possible to determine
whether that is true. Or in another instance, one person’s interview
is colored by the fact that he/she just spit up blood while a second
person has been asymptomatic even though he/she has the same disease
and is working and coping. These factors may color the interview.
While there is a well developed biostatistical technology and it is
used effectively, the data being analyzed are only as valid as the
validity of the interview. This in turn depends on the validity of
self-report. Whether one is involved in ascertaining a smoking his-
tory, a history of alcohol consumption, venereal disease, coffee and
saccharine intake, etc., there is always this limitation of the classi-
cal case control study. This deficiency is another reason to applaud
the use of biochemical indicators. In fact, a triangular approach of
interview-biochemistry-behavioral observation may be the best approach.

An exchange between Drs. Vogt and Fox relating to the latter's comments
on Dr. Vogt ‘s paper pointed to the variance in the biochemical in-
dices not explained by the questionnaire. Perhaps Dr. Fox's sugges-
tion will increase the correlations, but due to the questionnaire’s
inaccuracy, it did not seem conceivable that they could ever get as
high as .8 or .9. Even if the indices were precise measures of ex-
posure, which they are not, you still would not see 100% correlation
with the questionnaire because it is not a 100% predictor of expos-
ure. It is still not known what percent of the unexplained variation
represents error in either analysis or the biochemical measure and
what represents truth in the biochemical measure which is not put into
the questionnaire. Dr. Fox acknowledged this and reasserted that a
perfect correlation is not what is expected nor what he implied.
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However, he suggested that a high relationship was not found, partly
because a number of things have not been measured: such as, intervals
between the last cigarette and carbon monoxide determination, rate of
occupational and other activity, and rate of breathing. If these
three items are joined with the questionnaire items, a better predic-
tion might be found since they have been found to be critical in con-
trolling levels of carbon monoxide. The choice of criterion and pre-
dictors is arbitrary. In one part of the study you are setting up
carbon monoxide and thiocyanate levels as outcome criteria. Just why
should they be the important ones? Why not nicotine level? cotinine
level? nicotine-I'-N-oxide level ? The number of cigarettes should
not necessarily be discarded simply because they don't reflect wholly
the carbon monoxide level. This is important because in a smoking
cessation program one is not directing the procedures to the inside
of the man; one is directing them to his smoking behavior. If so,
then cigarettes- smoked. is one reasonable criterion for this predic-
tion situation. In other words, the’ best choice of variables of mea-
surement techniques, and of analysis depends on the objective.

The question arose again about what motivates individuals coming to
smoking clinics versus those, for example, entering the “™MR. FIT*
program. Since the latter program involves much more than smoking
(or perhaps not smoking at all since clients may be motivated to
enter the program for the heart risk benefits, etc.) are the programs
comparable?” Comparability is needed to make cost comparisons. Dr.
Wynder addressed this question by describing the various types of in-
dividuals he has encountered in the New York City area. One type of
individual he sees coming to the AHF is part of the labor union force
and an expressed motivation of these individuals was merely to get
several days off per year regardless of the program. In the case of
‘MR. FIT”, even after advertising in a popular New York magazine,
virtually no one would come in, even though a free preventive health
program was offered. By advertising in a different magazine, one
which is replete with advertisements of free offers, thereby attrac-
ting a different population of readers, some people came in. They
were more educated; most were pressured by their wives to come. The
point is that motivation is the key. Although the AHF is now getting
70% participation in its programs, that is not enough. The answer is
not in more esoteric research on motivation or another aspect of this
problem, but rather getting into the field like the barefoot Chinese
physicians and ‘beating the bushes”. There is too much emphasis on
statistical manipulation and “ivory tower” conceptualization. Not
enough emphasis is given to going to the work place and impressing
the worker with direct contact.

It was pointed out in response to the differences between people, that
the people coming to the regular smoking clinics are hard core smokers.
more desperate, and having more difficulties quitting smoking. More-
over, within the ‘MR. FIT” study there are basically two groups of
people: one is an intervention group, and the other is the group that
goes back to their own doctor. the latter are the “regular care
people”. They will have higher quitting rates and they are not in

the study.
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Biological Factors Underlying the
Smoking Habit

Murray E. Jarvik, M.D., Ph.D.

INTRODUCTION

Cigarette smoking is one of the most popular and persistent habits
of our modem age. Yet, despite the fact that hundreds of millions
of people have chewed, sniffed and inhaled tobacco products for the
past 500 years, remarkably little is known about the true reasons
why people pursue the substance with such fervor. We how a great
deal more about the reinforcing properties of other substances which
are used and abused in society than we do about tobacco. For ex-
ample, opium, coca and wine have been studied extensively and we
have a pretty good idea of why people take them. Users are seeking
optimal levels of a single chemical substance in each of these
vegetable products, namely: morphine, cocaine and ethanol. The
wonders of modem chemistry have made synthetic products such as
amphetamine and barbiturates available. = Most important of all,
animal models have been devised to demonstrate that these chemicals
are self-administered when animals have the option of taking them
intravenously (Kumar and Stolemmn, 1977; Thompson and Pickens,
1971). When an animal self-administers a drug it enables us to
explore the brain and determine the mechanism of reinforcement.

By contrast, the picture is not so clear for tobacco. It has not
been possible to develop reliable animal models of self-adminis-
tration of tobacco products, and this limits our psychobiological
investigations. We don't even know for sure what the principal
reinforcing ingredient in tobacco is, though many of us have ex-
pressed strong faith that it is nicotine. In this paper we will
examine some of the evidence for and against the view that nicotine
is the prime incentive for smoking.

EFFECT OF CIGARETTE SMOKING ON ORGAN SYSTEMS
Let us first briefly review some of the many physiological effects

produced by smoking cigarettes (Health Consequences of Smoking,
1964; Larson and Silvette, 1975) and then see if we can tell which
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of these are related to the pleasure produced by this habit. The
first stimuli that the smoker perceives from a cigarette are its
visual characteristics, and upon lighting it he can see the smoke,
feel the warmth and smell the aroma. Upon inhaling the smoke he
feels it in his mouth and some of it is deposited on his buccal and
nasal mucous membranes where the nicotine is rapidly absorbed
(though less so if the pH is acid than alkaline) (Armitage, 1974).
Tars which may have been deposited upon his fingers are also de-
posited on his teeth and mucous membranes. Taste and smell are
stimulated and so are pain receptors in the pharynx, larynx,
trachea and bronchii.

As the smoker inhales the smoke into his lungs the respiratory
epithelium is coated with fine particles and droplets from the
smoke. The nicotine and carbon monoxide paralyze the cilia
(Rylander, 1972) but increase the secretion of mucous, and coughing
is likely to occur. All of these stimuli, so unpleasant to the
novice, come to be reinforcing to the habitual smoker and are in-
corporated as part of the “feel” of smoking.

The inhaling smoker takes a deep breath of smoke to enable the smoke
particles to reach his alveoli and he may hold this breath for

several seconds. The duration of inspiration determines how much of
the nicotine and other constituents will be absorbed into the lungs
and vascular circulation during each breath. Then he exhales the
remaining smoke, some of it through his nose, some of it through his
mouth. In the meanwhile, his face and head are surrounded by a halo
of smoke. The main purpose of all this activity appears to be to

get nicotine into the blood and particularly into the brain as ‘quickly
as possible.

Of course, the entry of smoke into the lungs is only the beginning
of the effects that smokers will experience either acutely or chron-
ically. The acute actions of inhaling the smoke from a cigarette
are largely attributable to the alkaloid, nicotine. The direct
effects of this drug are to stimulate nicotinic cholinergic recep-
tors, and its indirect effects are largely due to release of cate-
cholamines. Its peripheral effects are largely due to the release
of epinephrine from the adrenal medulla and-may be prevented by
adrenergic blocking agents. (Cryer et al. 1976).

The chronic effects of smoking on the skin, mucous membranes, re-
spiratory system and other systems are all undesirable, but their
onset is so subtle and insidious that the smoker is not usually
aware of their existence or he has habituated to them (for example
to his cough or hoarseness). If they were more acute in onset they
would be more punishing and therefore tend to inhibit his smoking.
But their slow onset does not favor the establishment of a condi-
tioned aversive association with smoking. The punishment produced
by the onset of insidious disease such as emphysema or thromboangi-
itis obliterans does not seem to diminish the response of smoking.
From my own observations an acute myocardial infarct usually results
in prompt cessation of smoking. There should be more research on
the influence of medical catastrophes upon smoking behavior.
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An example of an undesirable insidious effect of smoking is skin
wrinkling. Daniell (1971) demonstrated that smokers have signi-
ficantly more wrinkling of the skin than non-smokers. Although
other factors such as actinic rays and genetic susceptibility
play a role, some as yet unidentified substance in cigarette
smoke either attacks the skin directly from the air or produces
its ‘effect via the blood stream. If young smokers could be
threatened effectively with the association between smoking and
wrinkling it might help to deter them from pursuing this habit.

The teenage smoker, in contrast to the middle aged chronic smoker,
experiences primarily the pleasant effects of smoking. In fact,
impairment of pulmonary function can be demonstrated in teenage
smokers but only by rather subtle tests (Seely, 1971). By middle
age and older these differences are more pronounced (Editorial,
Br. Med. J., 1975). The pathological changes induced by smoking
in various parts of the body slowly accumulate over time measured
in years and decades and if death occurs in middle age or later
these can be fairly easily identified by the pathologist. Every
child should know that smokers’ lungs are darker than non-smokers’
because smoke residues accumulate there.

Atherosclerotic changes are found more frequently in the cardio-
vascular system of smokers than of non-smokers. We have already
heard that cigarette smoking is an important risk factor in
cardiovascular disease, but the exact mechanism whereby it pro-
duces its deleterious actions has not been identified. It seems
to be an interaction between a number of factors including an
increase in platelet adhesiveness (Mustard, 1972), anoxemia
following carboxyhemoglobin formation by carbon monoxide, and the
effects of catecholamine release by nicotine.

The gastrointestinal system is adversely affected by smoking.
Smoking seems to play a role in the genesis of periodontal
disease, peptic ulcer (Alp, 1970), and impairment of intestinal
secretion (Bynum, 1972). Smoking can cause difficulties with
pregnancy and is related to fetal mortality and impairment of
fetal growth (Health Consequences of Smoking, 1973).

The mortality ratio is raised in smokers for a great variety of
diseases including cancer of the lung, larynx, oral cavity,
esophagus, bladder, kidney, stomach and prostate. This should
not be too surprising since the carcinogens from cigarette smoke
are blood borne, though they might be expected to concentrate in
the oral cavity and respiratory system and in urine. The morta-
lity ratio is increased in smokers for bronchitis and emphysema,
stomach and duodenal ulcers, cirrhosis of the liver, coronary
artery disease, hypertensive heart disease, general arterio-
sclerosis, cerebrovascular disease, influenza, pneumonia, and
nephritis. Even deaths from accidents, suicides and other forms
of violence were higher in smokers than non-smokers. of course,
smoking may not be the cause of the fatal condition but may be
fortuitously related to it. But the association with increased
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risk certainly bears looking into. (Smoking and its effects on
health, 1975).

It is well known that weight gain frequently accompanies cessat-
ion of smoking though it is generally small in magnitude (WHO.
1975). Smokers tend to be lighter than non-smoke& (Khosla and
Lowe. 1971: Gordon et al. 1975) and it has been proposed that
smoking impairs utilization of 'food (WHO, 1975). The slimming
effect of smoking may be considered a virtue by those seeking a
svelte appearance but the cost seems disproportionately high for
the slight benefit.

SOURCES OF REINFORCEMENT IN CIGARETTE SMOKING

Although it seems difficult for a psychopharmacologist to ignore
the possibility, indeed the probability or certainty that the
chemical composition of cigarette smoke is of vital importance in
explaining smoking behavior, there are behavioral scientists who
totally ignore chemistry. They focus instead upon the fact that
smoking is initiated by peer pressure and some have expressed the
view that oral and manual satisfaction is all that is necessary
to maintain the habit. The symbolic significance of the ciga-
rette may become quite complex in psychoanalytic terms. It is
probably wrong to go to the opposite extreme and deny the im-
portance of psychological factors in the maintenance of the
smoking habit, but there is much direct evidence that cigarette
smoking necessarily involves tobacco. Cigarettes made of non-
tobacco materials such as lettuce or Cubebs are not popular.

The evidence that nicotine is a vital ingredient is somewhat
more circumstantial; it can be seen in Fig.  that the most
popular brands deliver a substantial amount of nicotine.

A pack a day smoker takes more than 50,000 puffs per year and
each puff delivers a rich assortment of chemicals into the lungs
and bloodstream. Each puff stamps in the habit a little more,
and accompanying this effect is the establishment of considerable
secondary reinforcement including the sight and smell of ciga-
rettes, the lighting procedure, and the milieu and context of
smoking. Smokers tell us that they enjoy a cigarette at the end
of a meal, with a cup of coffee or with a cocktail. It would be
surprising if chemical factors were not involved in these plea-
surable experiences. Also it is not surprising that such an
overlearned habit surrounded by secondary reinforcers is diffi-
cult to extinguish.

The possible candidates for reinforcing pharmacological agents
are shown in Tables I, and Il (Schmeltz and Hoffman, 1976).
Although nicotine is the most popular suspect for the reinforcing
agent in tobacco there are other possibilities. Tar and carbon
monoxide are the two most likely contenders so let us consider
each of these and then return to nicotine.
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TABLE |
Cigarette Smoke: Gas Phase Components (ug/Cigarette*) (35)

Carbon monoxide 13,400
Carbon dioxide 50,600
Ammonia

Hydrogen cyanide (hydrocyanic acid) 240
Isoprene (2-Me-I, 3 butadiene) 582
Acetaldehyde 770
Acrolein (2-propenal) 84
Toluene 108
N-Nitrosodimethylamine 0.08
N-Nitrosomethylethylamine 0.03
Hydrazine 0.03
Nitrcanethane 0.5
Nitroethane 1.1
Nitrobenzene

Acetone 578
Benzene 67

* 85 mm non-filter, blended cigarette (U.S.)
** Gas phase portion only (74 pg/Cig. in particulate phase)

TABLE II

Cigarette Smoke: Particulate Phase Components (vg/Cigarette) (35)
(TPM *, wet 31,500

dry 27,900

FTC ** 26,100
Nicotine 1,800
Phenol 86.4
0-Cresol 204
m- and p-Cresol 49.5
2,4 Dimethylphen 9.0
p-Ethylphenol 18.2
B-Naphthylamine 0.028
N-Nitrosonomicotine 0.14
Carbazole
N-Methylcarbazole 0.23
Indole 14.
N-Methylindole 0.42
Benz(a)anthracene 0.044
Benzo(a)pyrene 0.025
Fluorene 0.42
Fluoranthene 0.26
Chrysene 0.04
DDD 1.75
DDT 0.77
4.4'-Dichlorostilbene 1.73

* U.S. cigarette, 85 mm, without filter tip, 1968
** TPM=FTC = TPM-H,0-nicotine
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Carbon Monoxide

After nicotine the substance in cigarette smoke with the most
pronounced acute pharmacological action is carbon monoxide. The
CO content of cigarette smoke is considerably higher than Los
Angeles smog on the worst day. Cigarette smoke contains more
than 2% CO, or 20,000 parts per million (ppm). Los Angeles air
on a smoggy day contains 50 or more ppm of CO (South Coast AQMD,
1977). It can be seen in Table IIl that the-expired breath of a
heavy smoker can contain more than 30 ppm of CO and the level

of carboxyhemoglobin can be as high as 7% (Goldsmith and Landaw,
1968). Carbon monoxide impairs the oxygen carrying capacity of
the blood and may impair functioning of the nervous system. It
appears to pose a serious threat both acutely and chronically to
the functioning of the cardiovascular system. Indeed it is
thought by some (Strong et al. 1969) that the carbon monoxide in
cigarette smoke is the culprit responsible for the increased risk
of myocardial infarction and stroke in cigarette smokers. The
combination of nicotine with its catecholamine releasing proper-
ties and carbon monoxide in the blood of smokers constitutes an
obvious cardiovascular risk.

TABLE 111

Proportion of smokers and median concentrations of expired Co
in a population of longshoremen (N-3311).
(California State Department of Public Health)

Category Median concentration Median percentage
(parts per million) of carboxyhemo-
of CO measured in ex- globin estimated
pired air from regression
Never smoked (23.1) 3.2 12
Ex-smoker (12.1) 3.9 14
Pipe and/or cigar smoker only (13.4) 5.4 17
Cigarette smoker
Light smoker (half pack or less) (13.0)
Inhaler 17.1 3.8
Noninhaler 9.0 23
Moderate smoker (more than half
pack or less than 2 packs (31.3)
27.5 5.9
Noninhaler 14.4 3.6
Heavy smoker (2 packs or more) (7.0)
Inhaler 32.4 6.8
Noninhaler 25.2 5.6

* Values in parentheses are percentages of study population by
smoking pattern.
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It is highly unlikely that carbon monoxide is the reinforcing
agent in smoking although it may interact with nicotine. Other
‘forms of tobacco (snuff and chewing tobacco) have been used
through the ages and do not produce carbon monoxide. Further-
more, cigarettes which are low in nicotine (and also in tar)
yield amounts of carbon monoxide similar to those of nicotine
cigarettes but are not popular. It must be admitted that there
has been an increase in the popularity of filter cigarettes over
recent years which do yield higher quantities of carbon monoxide.
However, no one has shown that carbon monoxide intoxication is
pleasurable.

Tar

The other substance in cigarette smoke of extreme importance is
the tar. It is well known that this portion of the smoke
contains numerous carcinogenic compounds,. Lately there has been
interest in an enzyme arylhydrocarbon hydroxylase (AHH) which is
isolated from pulmonary macrophages and- from- lymphocytes (Health
Conseouences of Smoking, 1975). This enzyme metabolizes carcino-
genic polycyclic hydrocarbons and its activity is increased by
exposure to cigarette smoke. There are individuals who have a
genetic lack of this enzyme and they appear to be at greater

risk for developing lung cancer if they smoke. Workers exposed
to uranium or asbestos are also at greater risk for developing
lung cancer if they smoke. Incidentally, another genetic factor/
increasing the risk to smokers is congenital lack of alpha-I-
antitrypsin which predisposes the individual to emphysema. In-
dividuals with a genetic predispositionfor ‘damage from smoking
should receive clear warning of their exceptional danger.

The possibility that tar may be reinforcing is not so easily dis-
proven because the tar and nicotine content of cigarettes tend to
One study was done in our laboratory with cigarettes in
tar and nicotine were dissociated and varied (Goldfarb
et al. 1976) (Fig. 1). The number of cigarettes- smoked was re-
lated to the nicotine content but not to the tar. There may be
an interaction between tar and nicotine. Nicotine strongly in-
fluences strength ratings in the expected direction. High tar
cigarettes actually were perceived as milder than low tar. The
results were consistent with the hypothesis that people ‘ snoke to
obtain nicotine, but it would be important to extend and confirm
these findings with a wider range of tar and nicotine content.
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Nicotine

Nicotine (Fig. 2) has frequently been proposed as the primary
incentive in smoking (Jarvik, 1972). Whether it is the only

N
N ?"3
N

Y

Figure 2
Nicotine Formula

reinforcing agent or not, it is still the most powerful pharma-
cological agent in cigarette smoke. It is rapidly extracted by
the alveolar capillaries and enters the pulmonary circulation and
is pumped to the aorta where it stimulates the aortic and carotid
chemoreceptors and may produce reflex stimulation of the respira-
tory and cardiovascular centers in the brain stem. Within one
circulation time one fourth of the nicotine which was inhaled
passes through the brain capillaries and, since it is highly
permeable to the blood brain barrier (Oldendorf 1977), passes
promptly into the brain.

Once in the brain nicotine stimulates nicotinic cholinergic
synapses which are widespread. It also releases various biogenic
amines including the catecholamines and possibly 5-hydroxytryp-
tamine. It stimulates the emetic chemoreceptor trigger zone in
the medulla and in novices or in large doses it causes nausea and
vomiting. A variety of hypothalamic and pituitary hormones are
stimulated by nicotine (Volle and Koelle, 1975). The effects
that nicotine has on associative centers in the brain are still
unexplored but may be of extreme importance in explaining its use
and desirability. Studies from a number of laboratories indicate
that nicotine can have a facilitating effect upon learning and
memory in animals (McGaugh, 1973) and possibly in humans
(Andersson and Hockey, 1977).

The other three-fourths of the nicotine is delivered via the
aorta to the rest of the body and it acts wherever there are
nicotinic sites. Thus it stimulates autonomic ganglia with, for
example, activation of the gastrointestinal tract. By the same
mechanism it releases epinephrine from the adrenal gland with all
the “flight and fight” reactions (Cannon, 1932) that this hormone
can produce. These include mydriasis, tachycardia, vasoconstric-
tion, bronchiolar dilitation, decrease in gastrointestinal moti-
lity (however, this is generally successfully overcome by nico-
tinic ganglionic stimulation), and glycogenolysis. Among these
are a rise in free fatty acids in the blood. It can also release
catecholamines such as norepinephrine from nerve endings -and
chromaffin cells through the body.
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Much of the evidence for the role of nicotine as the primary re-
inforcer in cigarette smoke is circumstantial. Smokers clearly
prefer cigarettes with nicotine than without (Goldfarb, 1970) but
they will smoke nicotine free cigarettes grudgingly. In Fig. 3
it can be seen that the most popular cigarettes today have a
nicotine content between 1.25 and 1.49 mg per cigarette. (US
Dept. HEW, 1973).

Figure 3  Percent distribution of 130 brands of cigarettes and 25 brands of little
cigars by nicotine content.
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Cigarettes with a nicotine content less than 0.3 mg/cig do not do
well on the market. Generally these are smoked by individuals
who are trying to cut down or somehow diminish the harmful ef-
fects of smoking. Tobacco free cigarettes are doomed to oblivion
almost from the start unless they are made of marihuana. Lettuce
cigarettes had a brief vogue in the United States but the two
companies producing the two different brands which were on the
market went bankrupt.

It is important to note that low or no nicotine cigarettes allow
their smokers to go through all the motions of smoking: |ight-
ing, handling and puffing can be the same as with usual ciga-
rettes. So all the opportunity for visual, olfactory and oral
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gratification is present. But it is the rare smoker who con-
tinues to smoke cigarettes lacking nicotine for any length of
time when the more popular high nicotine cigarettes are available.
The most likely explanation for this preference is that nicotine
is reinforcing. Nicotine alone will partially suppress smoking
but what little evidence exists in this area is conflicting.

There are very few studies in which nicotine alone has, been ad-
ministered to man in an attempt to produce reinforcement.
(Johnston, 1942; Jarvik, et al. 1970; Lucchesi et al. 1967;
and Kumar et al. 1977).  Johnston injected himself and other
volunteers with nicotine and obtained clear evidence of rein-
forcement . However, these unique studies were uncontrolled for
suggestion. There were three studies in which nicotine was given
either by ingestion or intravenously, and in all three it was
incapable of completely suppressing smoking, though it usually
had some suppressant effect. Indeed in the experiment by Kumar
et al. (1977) there was no discernible effect of a rapid intra-
venous infusion of 1.17 mg of nicotine (Fig. 4). Subjects went
on puffing on their cigarettes just as they did with an equiva-
lent injection of distilled water alone, and there was no delay
in latency to the first puff.
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Figure 4  Effects of inhaled smoke and intravenous nicotine

upon smoking. (Kumar et al. 1977)
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These results are certainly disturbing to me and my colleagues
who are proponents of the nicotine hypothesis of smoking. It is
clear that the intravenous infusions had no effect on the subse-
quent puffing of cigarettes, whereas the cigarettes smoked imme-
diately preceding the test session had a marked effect both on
latency to the first puff and on the rate and volume of puffing.
Is there any possible explanation of this discrepancy? Perhaps
the nicotine delivered to the blood and brain were not equivalent
in the two conditions. Perhaps the intravenous dose should have
been higher, and furthermore, it might have been swamped by the
fact that ad lib smoking was allowed during the intravenous ad-
ministration of nicotine.

Clearly it would be important to take blood levels of nicotine
during and following intravenous infusion and from the other arm,
and compare it with blood levels during and following smoking.
If the level of nicotine in the blood following cigarettes were
greater than that from the infusion it might account for the
results. Possibly the nicotine reacts differently when it mixes
with venous blood and is carried through the right heart to the
lesser circulation than it does when it passes through the pul-
monary alveoli and into the left heart and greater circulation.
Perhaps the heart rate changes which were used as indices of
nicotine were elicited with a lesser dose when given intrave-
nously than when nicotine was inhaled. In any event, this is
clearly a critical experiment and needs to be repeated and ana-
lyzed more carefully.

On the other hand, the other half of the same experiment did show
a dose response effect attributable to nicotine. Preloading by
having subjects smoke before testing did reduce subsequent puff-

But could it have been something other than the nicotine in
the smoke that was responsible for this effect? Kozlowski,
working with us (Kozlowski, 1975) found similar results of pre-
loading (Fig.5), a fast evanescent effect with cigarettes and a
slower, persistent effect with nicotine gum.
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One way to study this alkaloid would be to use cigarettes in
which everything but nicotine content was held constant. We did
such an experiment. When we allowed subjects to smoke experi-
mental tobacco cigarettes with a nicotine content of 0.2 mg per
cigarette compared with 2.0 mg per cigarette we found that the
subjects smoked more of the low than the high nicotine content
cigarettes (Fig. 6a, below). Figures 6b and 6c follow.
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These results are similar to those found by Russell (1975). It
can be seen that the total number of cigarettes as well as the
total number of puffs was greater for the low than for the high
nicotine cigarettes. The number of puffs per cigarette was not
significantly greater. The cigarettes were lit at a rate con-
trolled by the subjects to regulate the nicotine intake. But the
puffing rate appears to have been invariant, triggered or re-
leased by the first puff and then followed by a behaviorally
stereotyped pattern uninfluenced by the nicotine level. Perhaps
if Kumar et al. had used cigarette lighting instead of puffing
their results would have resembled those of Lucchesi et al.
(1967).

TOLERANCE AND DEPENDENCE IN SMOKING

One of the more spectacular manifestations of drug dependence
upon heroin or alcohol is the abstinence syndrome. Whenever
either of these drugs is stopped there is a fairly rapid ap-
pearance of unpleasant signs and symptoms which become suffi-
ciently severe in a matter of days to make the individual seek
out these drugs to relieve these illnesses. As can be seen in
Fig. 7, addicts stabilized on morphine showed slightly abnormal
but fairly steady levels of function on respiration, blood
pressure, temperature, sleep, eating, weight and subjective
symptomatology . Within two to three days of withdrawal these
functions became markedly abnormal and then gradually returned
toward normal in about two weeks. As Goldstein et al. (1974) put
it, “Tolerance to the narcotics is invariably accompanied by
physical dependence”.
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Although there appears to be evidence of some tolerance to some
effects of smoking it is not at all clear how much occurs to what
effects. Also, there is considerable controversy over whether a
physical abstinence syndrome actually occurs, and if so, how
strong it is. Our own studies indicate that with abrupt cessa-
tion of smoking there are indeed both subjective and objective
changes. These appear to be mild in nature and almost never do
subjects complain of being sick as they do on sedative or nar-
cotic withdrawal.

Tolerance to nicotine has clearly been demonstrated in animals
(Stolerman, 1974) but may not be representative of what occurs in
man. Since non-smokers are unable to inhale cigarette smoke, it
is difficult to compare them to smokers. Since in humans the
ability to inhale smoke is itself an indication of tolerance it
is difficult to use inhalation tests to compare non-smokers to
smokers for nicotine tolerance. In our own studies we have
concentrated on the effects of smoking upon heart rate (Fig. 8).
It can be seen that there is a drop in heart rate following
cessation of smoking in heavy smokers. Conversely, there is a
rapid rise in heart rate with the first cigarette following a
period of abstinence.

If the fall in heart rate following cessation produced an over-
shoot or rebound, then we would be able to say that there was
evidence of a physical abstinence syndrome. One sees the over-
shoot phenomenon with some measures when heroin or alcohol is
abruptly stopped in addicts. It would be important to follow
acutely abstinent smokers for several days to determine evidence
for overshoot and recovery in physiological functions such as
heart rate.

Even if overshoot did not occur upon withdrawal it is conceivable
that discomfort could accompany the effects of acute abstinence.
Indeed some individuals complain bitterly while others do not
seem to miss their cigarettes. The presence of craving and
discomfort alone may be sufficient to indicate that a withdrawal
syndrome is being manifested (Shiffman and Jarvik, 1976).
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NICOTINE, A CO-FACTOR IN REINFORCEMENT OF SMOKING?

The evidence gathered so far indicates that nicotine plays an
important role but not an exclusive one in the control of smok-
ing. It might almost be said that nicotine is necessary but not
su?ficient for smoking behavior to occur, and to be sustained.
Our older experiments with lettuce cigarettes (Goldfarb, 1970)
and more recent ones with nicotine free tobacco (Jarvik et al.
in preparation), show that people will smoke these cigarettes
but their satisfaction is low and given the opportunity they
would certainly choose a regular cigarette. The fact that let-
tuce cigarettes reinforced with nicotine were not accepted more
readily than non-nicotine cigarettes has been a cause for con-
cern and seriously undermined our support of the pure nicotine
hypothesis. The relative inability of intravenous nicotine to
suppress smoking (Lucchesi et al. 1967; Kumar et al. 1977) is
a similar source of consternation.

In most of the studies where nicotine has been shown to influence
smoking (Jarvik et al. in preparation; Russell, 1975) the smoker
has had access to tobacco smoke. These effects could be ex-
plained more easily if in order to produce its optimal rein-
forcing effects nicotine had to interact with some other sub-
stance in tobacco.

Biology is full of examples of co-factors influencing various
processes. For example, many of the vitamins such as thiamine
and riboflavin function as coenzymes in metabolic reactions
(Goodman and Gilman, 1975). Even cigarettes appear to operate as
a co-factor in the genesis of myocardial infarcts. The Framingham
Study (Kannel and Castelli, 1976) indicates that cigarettes
operate as a risk factor in the presence of hypertension, high
cholesterol and cardiac enlargement but not alone. Experimental
studies indicate that nicotine alone will produce heart damage in
animals only in the presence of vascular damage including that
produced by carbon monoxide (Strong, 1969).

We propose therefore that the actions of nicotine in producing
pleasure from smoking are potentiated by something else in the
tobacco smoke and quite possibly this unknown substance is found
in the tar.

Although nicotine makes up 93% of the alkaloid fraction of ciga-
rette smoke, there are 13 other alkaloids present which have a
variety of pharmacologic effects. Battig (1970) has shown a
differential effect of nicotine and tobacco Smoke alkaloids upon
swimming endurance in the rat. Nicotine improved, and the total
alkaloids impaired, performance.

The alternative to a nicotine co-factor is the possibility that
smoking is maintained by secondary reinforcers, assuming that
nicotine is the primary reinforcer. However, if nicotine were
the primary reinforcer then it should always be capable of pro-
ducing reinforcement alone. Except for Johnston’s somewhat
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anecdotal study (1942), there is no evidence that nicotine alone
is pleasurable or sought either by smokers or non-smokers. To be
sure, the conditions under which it becomes reinforcing may be
very special, but this too would imply that there are co-factors
necessary for its actions. The distinction between a reinforcing
co-factor and a secondary reinforcer is that the former is active
in full force the first time it is presented to the subjects. A
secondary reinforcer develops its potency gradually with repeated
pairings with the primary reinforcer, and it extinguishes if it
is not paired with the primary reinforcer.

To be sure, it would be a remarkable coincidence that two in-
teracting reinforcers should be present in the same exogenous
substance, but experimental evidence leads us to this hypothesis.
One way to isolate the second chemical would be to compare chew-
ing tobacco with nicotine chewing gum for reinforcing value. If
there is a difference, then the chewing tobacco would have to be
analyzed and its ingredients tested singly and in combination for
reinforcement.  Nicotine alone does not seem capable of totally
substituting for cigarette smoke in the smoking habit, and yet
nicotine must play a vital role. Finding the key to this
riddle is an important challenge to those of us working in the
field of psychopharmacology.
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DISCUSSION

Dr. Vogt raised the question of whether lettuce cigarettes with added
nicotine were not equivalent to ordinary tobacco cigarettes. | re-
plied that the lettuce tar may not be equivalent to tobacco tar, and
furthermore, the alkaloids which are present might be different. |
cited the study by Battig, in which he compared the effect of nicotine
alone upon rat behavior, with all the other alkaloids. He found that
nicotine facilitated performance, whereas the combination of alkaloids
impaired performance. This study indicates that at least under some
circumstances there seems to be an interaction between nicotine and
other substances.

Dr. West brought up the comparison between nicotine and cocaine, and
the effects of repeated reinforcement. | pointed out that there was
immense repetition in reinforcement with cigarettes, with more than
50,000 puffs a year for a pack-a-day smoker. This, of course, results
in a very strong resistance to extinction. An annual model of nico-
tine dependence would ve very useful. Unfortunately, animals will not
self-inject nicotine or do so only indifferently whereas they will
self-inject cocaine and amphetamine very readily. The fact that ani-
mals self-administer nicotine desultorily makes me think that if nico-
tine were combined with some other substance, perhaps a constituent
of tar, they would self-inject much more strongly. On the other hand,
| was unable to train monkeys to puff in a reliable manner approxi-
mately the human rate on real cigarettes. Either my training proce-
dure was inadequate or cigarette smoking is a peculiarly human form

of behavior.

It was remarked that intravenous injections of nicotine may not
provide the same panoply of cues that inhalation of tobacco smoke
into the mouth does. Dr. Russell pointed out the paradox that intra-
venous nicotine did not inhibit puffing behavior, whereas forced
smoking did. Obviously, there was something different, and it must
have been more than just the nicotine to account for these results.
Dr. Jaffe pointed out that there are differences between intravenous
and oral routes of administration of drugs. He used as an example,
Talwin, (pentazocine). Opioid addicts will take this intravenously,
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but do not seem to like to take it orally; this may be due to its
metabolism by the liver. He also points out that self-adminis-
tration of ‘nicotine intravenously by humans would perhaps yield a
better picture of how reinforcing it was. He then remarked that the
negative results obtained with Russell's intravenous nicotine, as
well as the negative results with nicotine enriched lettuce cigar-
ettes, and the small or absent reinforcing effect seen with nicotine
chewingé;um all present a very important paradox which must be
explained if we are to understand the role of nicotine in smoking.

Murray E. Jarvik, M.D., W.D.
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Psychological Factors in Smoking
Dorothy E. Green, Ph.D.

BACKGROUND

Dr. Schuman mentioned and reported on some of the results from the
surveys carried out by the National Clearinghouse for Smoking and
Health in 1964, 1966, 1970, and 1975. He pointed out that while he
was reporting on data primarily concerned with the proportion of smok-
ers, ex-smokers, and never-smokers in the population, these surveys
measured other variables. | will report on some of those variables
which concern the dynamics of smoking.

The first survey, conducted in 1964 just a few months after the Task
Force report to the Surgeon General came out, was done when little
was known about the whole problem of cigarette smoking. Therefore,
the material in the earlier surveys was based on psychological know-
ledge about human behavior in general and about health behavior in
particular.

I would like to trace what has happened since in the studies of the
dynamics of smoking. The 1964 and 1966 surveys--the two were about
eighteen months apart--tested many hypotheses about smoking, the
continuation of smoking, and the giving up of smoking. From the re-
sults of these two surveys we were able to develop measures of some
of the concepts which were explored. In fact, nineteen measures of
psychological aspects of cigarette smoking were refined and retested.
These measures were included in the 1970 and again in the 1975 sur-
vey. | will report here on some of the findings from these two sur-
veys, indicating the kinds of changes that took place between 1970
and 1975.

FACTORS MOTIVATING QUITTING

Four factors related to motivation for quitting were ‘identified.

As one would expect, many people reported that they want to quit

smoking to protect their health. People scoring high on this factor

agree with statements such as “Cigarette smoking might give me a se-

rious illness.” Second, people realize that their cigarette smoking

is an example to others; they are aware that others may be influenced
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to take up or continue smoking. Third, aesthetics may play a role
in a decision to stop smoking. Smokers agree that smoking is a
"messy kind of habit” that “causes damage to clothing and personal
property.” A fourth reason for wanting-to quit is mastery: Many
resent a habit which, they feel, prevents them from completely con-
trolling their lives. They agree that, “quitting smoking would
show that | have willpower.”

There are undoubtedly many common motivations for discontinuing the
smoking habit other than the four described above. One of the
factors that we searched for in the late 1960’s but were unable to
find in this country was an “economics” factor. We tried to deter-
mine if the money spent on cigarettes was a deterrent to smoking.

It was not a common one. Subjects’ attitudes seemed to be, “I'll
spend anything to get my cigarettes!” We tried isolating the eco-
nomics factor in terms of the holes burned in clothes and furniture,
but this was related to the aesthetics factor. Similarly, cost of
illness caused by smoking became more appropriately related to the
health factor. We were never able to define an economic factor. It
might be possible to do so now that taxes have raised cigarette pack
prices very significantly.

In comparing the data from the 1970 to 1975 surveys, we find little
difference in mean scores (Table 1). The reasons for wanting to quit
that were important in 1970 were still important in 1975.
Table 1
MOTIVATIONS FOR WANTING TO QUIT SMOKING

Mean Scores

1970 1975
Health
Example 9.8 9.9
Aesthetics 9:2 9:3
Mastery 9.7 9.5

In view of the changing attitudes toward cigarette smoking, however,
we can speculate about some factors probably not present a few years
ago that-might be identified now. One, for example, is the smoker’s
feeling that he is an unwelcome nuisance. We hear smokers say. “I'd
like to quit smoking because | feel so terrible when 1 light a cig-
arette in someone else’s house;" “I am bothering the people around
me;” “I know other people don’'t want to breathe my smoke.” And they
are right--more and more non-smokers are saying that it is annoying
to be around people who are smoking. This is a strong motivation
that we would not have found earlier.

Another reason for wanting to quit is related to the changing image
of the smoker. At one time, the smoker was pictured as sophisticated,
glamourous, and romantic. This image has changed a great deal over
the years. In motion pictures, for example, we are less likely to
see two lovers sharing a cigarette than we are to see the tough

150



hoodlum smoking. With such a changing image, the smoker may be
likely to want to quit to avoid the modem stereotype.

FACTORS IN CHANGING HEALTH BEHAVIOR

The next set of factors we identified deals with health and were
based on Godfrey Hochbaum’s model of health behavior. Five neces-

sary conditions for changing health behavior are posited: knowledge
of the threat; importance of the threat; personal relevance; capa-
bility doing something about it; and value of doing something

Before the late 1960's we were not able to identify knowledge of the
threat as a separate factor. Since the 1960’'s, widespread awareness
of the health threat posed by smoking has brought about the separate
identification of the first factor. The importance of the threat

is indicated by such statements as, “Cigarette smoking is enough

of a health hazard for something to be done about it.”

While recognizing that cigarette smoking is, in general, an important
health threat, a smoker may still deny its personal relevance. S/He
my say, .1 don't smoke enough to get any of the diseases cigarette
smoking is supposed to cause,” or, “I haven't smoked long enough to
worry about the diseases cigarette smoking is supposed to cause.”

As long as he holds the “It can't happen to me” attitude, he will not
act on his knowledge of the threat.

Given acceptance of the threat and its personal relevance? the smoker
still has to believe there is some value for him in stopping smoking.
Those who contend that “If a person has already smoked for many
years, it probably won't do him much good to stop,” will be easily
deterred from any effort to quit.

Lastly, before he is willing to attempt a difficult change in behavior,
a person must believe that he can succeed. No one likes to fail, and
the person who thinks failure likely will almost certainly try to
avoid such a situation. Thus, optimism is virtually necessary for
making the attempt.

The mean scores on four factors are reported in Table 2. Practically
no change occurred in the scores on Importance or Value of Stopping.
Scores on Personal Relevance decreased slightly: People were slightly
more inclined to think, “It will not happen to me." There was an
increase in the mean score on Capability. This probably reflects

a tendency, over the five-year period, for those who found it fairly
easy to quit have done so, so that those still smoking in 1975 were
those pessimistic about their success in quitting. Many had probably
tried and failed.

FACTORS CONTRIBUTING TO CIGARETTE USE

The next set of factors was based on Silvan Tomkins’ “management

of affect” theory. What do people use the cigarette for? How do
they use the cigarette to manage their feelings? We found three
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Table 2
PERCEPTION OF THE HEALTH THREAT

Mean Scores

1970 1975
Importance 8.5 8.8
Personal Relevance 9.1 7.6
Value of Stopping 9.1 9.5
Capability for Stopping* 6.3 8.5

*A high score indicates perceived difficulty in stopping smoking.

positive uses. The most prevalent of these has been called Pleasura-
ble Relaxation. It includes smoking a cigarette when you are already
feeling good in order to enhance your enjoyment. The feeling of
relaxing after a good meal with a cup of coffee and a cigarette is

an example. The cigarette makes something that was already good,
better. At least some of the time, most smokers use the cigarette

to enhance an already-existing sense of well-being.

Some people, not nearly as many, use the cigarette for stimulation--
to pick them up. Some use it for the pleasure of handling the
cigarette. This is much more typical of the pipe smoker. For ex-
ample, a pipe smoker who spends an hour to fill his pipe and five
minutes to smoke it or the smoker who taps the cigarette and fiddles
around with it before he lights it. These behaviors all make positive
use of the cigarette.

At the same time, there are many people who use the cigarette to re-
duce negative feelings. When they are angry, upset, or nervous they
light a cigarette. The cigarette becomes a catch. It is the con-
verse of smoking a cigarette when you are feeling good to make you
feel better. Those who smoke a cigarette when they are feeling bad do
so to keep from feeling quite so bad.

A very prevalent phenamenon is Psychological Addiction. The typical
addict experiences an increasing need for another fix of whatever
he is addicted to as soon as the effects of the first wear off.
Similarly, the psychologically addicted smoker feels the need for
the next cigarette build up from the time he puts out the cigarette
he has been smoking. He is the smoker who cannot bear having no
cigarettes in the house. He will go out in the middle of the night
to get them because he fears a situation in which a cigarette will
not be available the minute he wants one.

The last of these factors is Habit. In this case the smoker uses the
cigarette not to manage affect at all, but simply from habit. He
lights a cigarette when he already has one burning in the ashtray.

These are the factors identified in the use of cigarettes. | am sure
there are more, since people are so various. The heavy smoker may
use the cigarette for nearly every factor cited. A few people--the
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fast-moving, “salesman” type--tend to use it for stimulation, to
keep than going. The housewife--when the children get on her
nerves and are driving her crazy--has to reduce tension somehow.
She finds respite when she sits down with a cup of coffee and a
cigarette. Although the factors which enter into a smoker's use
of cigarettes are widely varied, we have determined a moderate
correlation between psychological addiction and reduction of
negative affect.

The mean scores for 1970 and 1975, reported in Table 3, show no
change during the five-year period.

Table 3
USES TO WHICH THE CIGARETTE IS PUT

Mean Scores

1970 1975

Stimulation 6.2 6.0

Handling 5.7 5.8

Pleasurable Relaxation 11.3 11.2

Tension Reduction 10.3 10.3
Craving: Psychological

Addiction 9.4 9.4

Habit 6.3 6.3

FACTOR ANALYSIS OF TEENAGE SMOKING

Experience with identifying factors associated with the dynamics
of adult smoking provided help in studying the taking up of
smoking by teenagers. The National Clearinghouse for Smoking
and Health contracted with the research firm Education and Public
Affairs to carry out the study. After a comprehensive review

of existing literature, depth interviews with teenagers were con-
ducted. Group and individual interviews were held in four kinds
of communities: inner-city, suburban, blue collar, and rural.
These open-ended inter-views provided draft statements, in the
teenagers’ own words, related to attitudes toward smoking. Through
an iterative interview process, the statements were revised to
increase clarity, readability, and understandability.

The revised instrument was administered to about 2,600 teenagers

in grades 7 through 12, drawn from a national probability sample

of school districts. The data were analyzed to eliminate questions
that were difficult to answer and those that showed little variance
in response. A factor analysis of 108 items was performed, and
the questionnaire was reduced to 83 items. The 83-item instrument,
along with a number of demographic questions, was then administered
to approximately 5,200 pupils, again drawn from a national probabil-
ity sample of school districts. Factor analysis of the data from
this administration resulted in eight factors, which are described
briefly below.
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The first is a health factor--the effect of cigarette smoking on
health. Second, in addition to seeing smoking as detrimental

to personal health, the teenager sees it as detrimental to the
environment. These two factors are viewed as “costs”. The third
describes the benefits of smoking: “It makes you feel good. It's
pleasurable .” Since many teenagers know that smoking is harmful

to health and also cite positive aspects of smoking, cognitive
dissonance results which must be reduced in some way. Thus

we find the fourth factor to be a rationalization factor. It
describes the teenager who says, “I'm not going to smoke long
enough for it to hurt me” or, “I'm going to smoke for a few years
and quit.” The fifth factor reflects a common stereotype of teen-
age smoking, the attitude that peer pressure is the most compelling
influence in taking up smoking. The sixth factor concerns

another stereotype of the teenage smoker, here internalized by
teenagers themselves. The smoker is described as a “bad boy,” e.g. ,
“Smokers are more likely to get into trouble,” and, “Smokers don't
make as good grades.”

The two final factors on the surface are not related to cigarette
smoking. One describes feelings toward authority. Teenagers
evidence a great ambivalence: They would like to be able to turn
to their parents whenever they can; they would also like to be rid
of them forever. This factor has to do with feelings toward
authority. Factoring teenagers’ attitudes toward authority showed
smokers are more likely than non-smokers to feel that “a teenager
should be able to do whatever he wants to do whenever he wants

to do it.” The last factor deals with the attitude that “what
happens to me in my life is very important to me, and | can do
something about it."" We have recently identified this factor in
the adult surveys, also. If a subject feels that whatever happens
to his body is something he cannot control, he may be apathetic
towards changing health behavior. But if he feels that he is the
one in charge, he can control his health, then he is more likely
to develop those habits regarded as leading to a healthier life.

CONCLUSION
There is much that still needs to be learned about giving up
smoking, continuing to smoke in the face of health threats, and

taking up smoking. We must look to future research in the behav-
ioral aspects of smoking for the answers.
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DISCUSSION

Dr. Green was asked whether or not people smoke for a variety of
reasons such as a substitute for food or a way to express anger. She
stated that there is no data to justify the assumption that people
smoke to avoid eating. However, there is data that seems to indicate
that smokers either eat less, or gain less weight, and that hunger
and over-eating become an important withdrawal symptom following ab-
stinence. (Khosla and Lowe, 1971). Dr. Russell wanted to know why
motives for continuing to smoke seem so much stronger than motives
for stopping. Dr. Green replied that man is simply not rational
enough to appreciate the danger smoking poses to health, which would
have. to be the major motive for quitting. When smokers stop smoking,
they realize in retrospect that they suffered discomforts which they
would not admit while they were smoking, such as scratchy throat and
coated tongue. Dr. Green also brought up the point that smoking
might be a type of sub-intentional suicide, where the threat of death
is entertained with equanimity. In teenagers, it appears that social
pressure is an extremely important factor in determining if one will
smoke. If parents and an older sibling smoke, the teenager is four
times as likely to smoke than if none of them smoke. High school
students in a college preparatory course are less likely to smoke
than those in other courses. Children of college educated parents
are less likely to smoke. Those who participate in more activities
in high school are less likely to smoke. On the other hand, those
who engage more in alcohol-related activities and sex are more likely
to smoke. It seems that social factors are exceedingly important in
determining smoking behavior in teenagers. This gives us a handle
on controlling such smoking.

Murray E. Jarvik, M.D., Ph.D.
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An Opponent Process Theory of
Habitual Behavior With Special
Reference to Smoking

Joseph W. Temes, Ph.D.

HABITUAL BEHAVIOR AND SMOKING

An individual may smoke at times because he seeks to reduce the
tensions of life, while on other occasions he may desire a mild
stimulant. Depending on the speed and depth of smoke inhalation,
the smoker may produce these opposite effects due to nicotine’s
action on the nervous system. Regardless of the reasons which
lead many individuals in our culture to experiment with cigarette
smoking, there is general agreement that, for the vast majority
of those who choose to smoke, cigarettes are habit forming.
However, smoking is only one of many types of acquired motivations.
Drug addiction and alcoholism are some other examples of acquired
motivaation, so too is the type of over-eating that leads to
obesity. Together they belong to a generic class which may be
labeled habitual behavior.

An opponent-process analysis of the various habitual behaviors sug-
gests that the common element is an aversive state of craving which
is engendered by the termination of a pleasurable stimulus. In-
strumental escape and avoidance responses are energized by aversive
states. Therefore, all forms of habitual behavior are seen as
escape or avoidance responses. This analysis implies that simple
means exist for the prevention of the development of such habits.
However, it also implies that once established such habitual be-
haviors, due to the nature of the underlying mechanisms, should be
very difficult to modify (rehabilitate) and highly susceptible to
relapse. This is because once acquired these operants are over-
determined by the normal functioning of the opponent-process system
which regulates affect and hedonic tone. Thus, we assume that the
development, maintenance, and, in the case of attempted abstinence,
the relapse to habitual behavior, are evidence of a normally
functioning homeostatic system. Regardless of whether one views the
outcome as pathology or not, the rubric of habitual behavior implies
a common explanatory mechanism. In this regard, the opponent-
process model holds great appeal in that it appears to account for
these commonalities in a reasonably parsimonious manner, and provides
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detailed predictions regarding temporal parameters, ease of condi-
tioning and generalization of affective states which motivate
habitual behavior. The main difference from prior conceptions of
acquired motivation is that the opponent-process model proposes a
primarily non-associative mechanism to explain the development of
habitial behavior while maintenance and relapse are attributed to
conditioning and generalization.

NON-ASSOCIATIVE EFFECTS OF UNCONDITIONED STIMULI AND REINFORCERS

Assume, as Pavlov did, that if the nervous system is put out of
balance by external stimulation, it strives to return to a resting
state. Obviously the balance referred to by Pavlov is a homeostatic
mechanism. Stimuli capable of producing an imbalance are typically
identified by psychologists as unconditioned stimuli (UCSs) or as
reinforcements. The primary affective process typically elicited
by an UCS is called an emotional or affective unconditioned re-
sponse (UCR) . In the terminology of the opponent-process theory of
acquired motivation (Solomon and Corbit 1973, 1974; Hoffman and
Solomon 1974; Solomon 1976) the UCS is an affect-arousing stimulus
capable of eliciting primary affective processes (UCRs) known as
a-processes.

Although the theory is still somewhat informal and lacking empirical
validation, a description of the model of the affective dynamics of
acquired motivation is possible. The standard pattern of affective
dynamics (Figure 1 Panel A) for intense UCSs is biphasic, involving
two affective states and a third hedonic neutral or baseline condi-
tion. Two dynamic opponent processes, a positive excursion from
baseline and a negative one are assumed to underly these affective
states. The positive excursion from baseline always follows the
onset of any intense affect-arousing stimulus. This process is
labeled the a-process. The negative excursion from baseline follows
the onset of the a-process albeit in a more sluggish or dampened
fashion. This is-the b-process.

The a-process closely tracks the input variable, is phasic and does
not show much habituation during any individual stimulus presenta-
tion. An a-process may reflect either pleasant or unpleasant affect.
Its character is determined by the nature of the stimulus which
elicits it. Thus a painful stimulus, such as intense electric shock,
should elicit an unpleasant affective state and a pleasant stimulus,
such as a sweet taste, should elicit a pleasant affective state.

The primary affective process is postulated to elicit a secondary

affective process, the b-process. This is the postulated nervous

mechanism for the restoration of homeostasis (neutral affect) which
the a-process puts out of balance. The action of the b-process is
to oppose or suppress the affective or hedonic impact of the affect
arousing stimulus. However, in addition to being an opponent pro-
cess the b-process has the following characteristics:
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Panel A. Panel B.
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Figure 1. The consequences of subtracting the b-process from the
a-process when the b-process is weak and when it is strengthened by
repeated use. The Resultant A-state is small after the b-process
is strengthened, but the B-state is more intense and longer lasting.
Notice the a-process precipitates the b-process (dotted line,
second tier) thus modulating the A-state (solid line, first tier).
On termination of the stimulus event the a-process rapidly returns
to baseline and the b-process perseverates, thus unmasking the
B-state (solid line,-first tier). Reproduced from Solomon, R.L.
and Corbit, J.D. An Opponent Process Theory of Motivation.
Psychological Review, 1974, 81, 119-145. Copyright 1974 by

the American Psychological Association. Reprinted by permission.
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it is more sluggish than a-processes, having a delayed latency;
thus, it is slower to peak and slower to decay or return to base-
line following the termination of the affect arousing stimulus.

The processing system proposed here involves three components;

(See Figure 2). Incoming information, the perceptual signal, is
handled categorically and its side effect is the arousal of the
primary affective process, the a-process. This is the first com-
ponent of the processing system, The elicitation of the a-process
triggers the b-process or opponent affective reaction which is the
second component of the processing system. The b-process is nega-
tively signed relative to the a-process and the algebraic summation
of these opponents is the third processing component. The result,
following a square have input of an affect-arousing stimulus, is a
dynamic sequence of events having five distinct features (See
Figure 3). when the stimulus onsets the a-process very rapidly
reaches its peak amplitude, (feature 1). It is followed by an adap-
tion phase (feature 2) or adjustment which reduces the intensity of
the a-process to a lower level. The adjusted level (feature 3) is
relatively more steady and is maintained until stimulus termination.
Since the-a-process closely tracks the input variable, it is
abruptly terminated as the stimulus off-sets. Then another process,
heretofore masked, the b-process is revealed. It is characterized
by a peak amplitude immediately after stimulus off-set (feature 4)
and a slow decay to baseline (feature 5). These five features taken
together as a sequence of events describe what is known as the
standard pattern of affective dynamics in the opponent-process model.

The affective state or hedonic condition of the organism at any
moment is postulated to be the algebraic sum of the intensities of
the a- and b-processes where b is always assumed to reduce a, i.e.,
b has a negative sign. Thus, whenever a>b, the organism experi-
ences an affective state dictated by the nature of the a-process.
This condition is known as the A state. When, however, a<b the
organism experiences a consequent affective state which has the
same hedonic tone as the b-process. This condition is known as the
B state. If A is a positively reinforcing state then, axiomati-
cally, B is negatively reinforcing and vice versa.

One can best observe the quality and intensity of the primary
affective reaction of the stimulus (the A state) immediately follow-
ing its onset, i.e., at the peak of the a-process. Likewise, one
can observe the quality and intensity of the secondary affective
reaction (the B state) directly following the termination of the
stimulus, ie., at the peak of the b-process. Thus the opponent of
the reaction aroused in the presence of the UCS is similar to an
affective negative after-image which becomes manifest when a strongly
reinforcing stimulus is suddenly terminated. This affective negative
after-reaction, the B state, is a new condition which is only re-
vealed after the termination of the UCS. It would not have occurred
if the UCS had not been presented. Thus, we have defined three
qualitatively distinct conditions: the baseline or homeostatic
neutral, the A state or primary affective condition, and the B state
or secondary affective condition.
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Figure 2. A box-flow diagram of the interaction between a-process and
b-processes. The b-processes are activated whenever a-processes are activated,
and the resultant a-b is determined by a summator. Reproduced from Solomon, R.L.
and Corbit, J.D. An Opponent Process Theory of Motivation. Psychological Review,
1974, 81, 119-145. Copyright 1974 by the American Psychological Association.
Reprinted by permission.
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Based on experimental observations and his own clinical impressions
of motivational events, Richard Solomon has used the following ex-
ample of a dog habituated to a long series of painful electric
shocks to illustrate the dynamics of affective behavior. When the
dog is initially placed into a Pavlovian harness and 10 seconds of
electric shock is delivered to its paws, several responses occur.
When the shock first comes on, the dog shrieks, struggles, strains
its head back, its eyes bulge and it urinates and defecates.
Additional autonomic changes include pupillary dilation, piloerec-
tion, tachycardia and increased respiration and blood pressure.
The heart rate increases to a peak and then declines while the
shock is still present (See Figure 4). After 10 seconds, when the
shock is terminated, there is a decelerated heart rate which
reaches a minimum and then slowly returns (increases) to baseline
rate. Observable behavior such as vocalizations appears correlated
with heart rate, i.e., vocalization and struggling are most intense
right after shock onset and decrease while the shock is still on.
This is also true of the pupillary and piloerectile responses.
After the shock goes off, a new state of relief reveals itself.
That is to say, termination of the painful stimulus does not merely
result in a rapid return to baseline. Rather, a new affective
state is almost immediately manifested. This new state is hedoni-
cally quite different from both the baseline state and the primary
state produced by the aversive stimulation. The baseline state was
somewhat neutral, the state produced by the aversive shock was an
unpleasant condition but the state which follows the termination of
the shock is a new and pleasant affective state.

Another example from my own research on drug abuse will serve to
show the same pattern of affective dynamics when the stimulus is
pleasant rather than aversive. (All habitual behaviors are of this
type, although termination of pleasurable affect is not the only
condition which may engender an aversive craving state.) Initial
opiate experiences, although partially aversive, are usually also
partially pleasurable. Human heroin addicts report a surge of in-
tense pleasure, the rush, which accompanies the drug administration
followed by a period of less intense euphoria. However, with re-
peated use, the pleasurable aspects of the drug effects are
progressively reduced such that the rush is less intense and the
euphoria is greatly attenuated. Concomitant with the reduction of
positive effects, a set of aversive somatic symptoms begins to occur
when the drug effect “wears off.” This syndrome will grow in
strength when the drug dose is-repeated. ‘During periods of absti-
nence between doses, the phenomenon of drug hunger and craving is
increasingly present. According to an opponent-process analysis of
these data, heroin is an affect arousing stimulus and the rush and
euphoria, the A state, are manifestations of the underlying primary
affective process, summed with the opponent b-process. The aversive
somatic after-reaction, the B state, occurs when heroin is withheld.
It is hedonically the opposite of the pleasurable A state. It
occurs as a function of the growth of the opponent b-process. The
b-process actively suppresses or counteracts the a-process resulting
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Figure 4. Typical course of heart-rate reaction to intense foot
shocks in the dog. While ten-second shock is on, heart rate
increases and then decreases. When shock is terminated, heart
rate falls significantly below the baseline or resting level.
Then it slowly returns to baseline, but more slowly after 8ma.
shock than after 4ma. shock. Reproduced from Church, R.M.,
LoLordo, V.M., Overmier, J.B., Solomon, R.l. and Turner, L.H.
Cardiac Responses to Shock in Curarized Bogs: Effects of Shock
Intensity and Duration, Warning Signal and Prior Experience
with Shock. J of Comp and Physiol Psych, 1966, 62, 1-7. Copyright
1966 by the American Psychological Association. Reprinted by
permission.
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in the reduction and attentuation of the rush and euphoria. The B
state energizes operants which attempt to terminate or avoid the
aversive somatic symptoms. The performance of an appropriate
operant such as drug seeking (coping) is selectively reinforced by
the abrupt relief from the somatic symptoms and by the pleasurable
components of the A state, i.e., the rush and euphoria.

Conditions for the Growth of the b-process

It is the thesis of this presentation that the standard pattern of
affective dynamics as proposed by the opponent-process theory of
acquired motivation accounts for the data of the various forms of
habitual behavior. Thus, a specification of the assumptions which
account for the dynamics of acquired motivation is tantamount to a
general theory of habitual behavior. Our task then is to describe.
the conditions which lead to the strengthening of the b-process,

for it is the growth of these affective negative after-reactions
which provides the motivation for the development and maintenance

of what are more commonly known as bad habits or vices. This is
because “getting used to” an intensely reinforcing stimulus over
prolonged or repeated presentations of that stimulus is assumed to
reflect an intensification of the b-process. Thus, as the b-process
grows in strength, it serves to reduce the magnitude of the-
affective reaction of the UCS. Hence, changes in the pattern of
affective dynamics that result from the growth of the b-process in-
clude a reduction in the intensity of the A state and an increase in
the intensity and duration of the B state (See Figure 1, panel B).
“Getting used to” a UCS also involves becoming increasingly reactive
to the termination of the UCS. The inference which follows from
this postulate is that manifest A states decrease in intensity with
repeated elicitation while their consequent B states increase in
intensity and duration. Thus, habituation or tolerance is seen as
the natural result of the repeated use of an intensely arousing
affective stimulus.

Parameters which affect the growth of the b-process include: the
intensity of the UCS, the duration of UCS, the interval between UCS
presentations, and the frequency of UCS presentation. Thus the
opponent-process theory postulates that the b-process will be
strengthened through use and weakened through disuse. In other
words, repetition of an affect-arousing UCS produces an orderly
growth in the negative after-reaction to that stimulus. Likewise,
the intensity and duration of the UCS are positively correlated with
the intensity and duration of the b-process'which it engenders.
Thus, Starr (1976) found a high positive correlation between the
length of exposure to an imprinting stimulus (the UCS) and distress
calling after stimulus removal (the B state) in ducklings. This
implies that exercising the b-process through continuous exposure
to the UCS results in OptimaT recruitment of the b-process.

Another condition for strengthening the b-process is an interval
between UCS presentations short enough to prevent the complete decay
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of the b-process. Thus, the opponent-process theory assumes that
for any-particular affect-arousing stimulus, intensity, and duration
there exists a critical interval or duration of decay. If stimulus
presentations are scheduled at intervals longer than this critical
duration no growth in the b-process is predicted and the a-process,
being relatively unopposed, will continue to engender a strong A
state. However, if UCS presentations are scheduled within this
critical decay duration, a summation process leads to the growth of
the b-process. The opponent-process theory also assumes that in-
creases in the intensity and duration of the UCS will cause the
critical decay duration to increase.

Motivational Attributes of A and B States

The opponent-process theory assumes that organisms will act vigor-
ously and purposefully only in the presence of an aversive state.
In other words we believe that only an aversive state can energize
operant behavior. Although pleasure seeking behaviors do appear to
occur, actually these are operant behaviors which are effective in
removing or decreasing an aversive condition; which conditions may
be either an A state or a B state. Thus, an organism will be be-
haviorally amused whenever an aversive A state is precipitated by
the onset and maintenance of an aversive UCS. Also, instrumental
behavior will be energized by the termination of a positively re-
inforcing UCS which results in an aversive B state. Although they
do not energize operant behavior, pleasurable A and B states may
serve as positive reinforcers. Their onset and maintenance have a
selective function in that they reinforce operants upon which they
are contingent and thus determine which operant will be energized
when a specific aversive A or B state again occurs. In the same
manner, sudden termination of an aversive A state will reinforce
the operant which just preceded its termination. Thus, in the
typical escape learning situation, the cue for instrumental escape
responses is an aversive A state. Whereas in the drug dependent
individual, the cue for drug seeking behavior is the aversive B
state or drug craving. What this amounts to is a simple motiva-
tional system that can both amuse and select appropriate behaviors.
By definition, an appropriate behavior is a response that has
proven effective in preventing or terminating an aversive state.
Pleasurable A and B states serve to reinforce behavior but at least
initially are unable to energize behavior.

For purposes of illustration | shall describe in detail some experi-
ments in which a pattern of habitual opiate seeking behavior was
engendered in selected individual monkeys living in normal social
groups under semi-natural conditions in Puerto Rico (Termes 1974).
Three groups (12-14 animals in each) of Rhesus monkeys living in
large open corrals were studied over the course of three years. A
few individuals of known social rank were selected to be made de-
pendent on an opiate drug. When an animal (e.g., an alpha male)
was separated from his group and subjected to a series of gradually
increasing doses of passively administered morphine (Ternes and
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Colon 1976) or methadone (Jemail and Temes 1974)) it showed the
following behaviors: Initial injections caused the animal to be
mildly ill as evidenced by huddling, piloerection, gagging or
vomiting and pupillary constriction (the A. state). Most of these
somatic symptoms rapidly dropped out after a few repetitions of the
drug. However, after several repetitions, a new set of signs
occurred. Several hours prior to the injection on any particular
day, the animal became restive, would not eat, had rhinorrhea,
yawned frequently, showed piloerection, at times was hyper-reactive
to external stimulation and was generally irritable, sometimes
threatening and attacking other members of the group (state B).
These are known withdrawal signs in monkeys. Immediately after the
injection was administered, these symptoms disappeared and the
animal suddenly became quite normal (e.g., the animals began to eat
or to groom or be groomed by other animals).

The injection procedure entailed entering a small squeeze cage which
was affixed to the corral fence and had a guillotine door which was
manually closed by the experimenter after the monkey entered it.
The experimenter then restrained the monkey by drawing the side of
the cage toward him (the squeeze apparatus) until the animal’s
movement was restricted and the morphine injection was administered
intramuscularly into the femoral muscle. Although initially this
routine was intensely aversive to the monkey, he rapidly adapted to
it. After a few trials he voluntarily entered the cage and
squeezing was usually unnecessary. Frequently the animal attempted
to facilitate the injection by presenting his hind parts and re-
maining motionless until the injection was administered. The
injection procedure was systematically paired with an auditory
stimulus, tape recorded music. Playing the music prior to injection
caused the animal to become restless and to enter the restraining
device voluntarily.

Usually the injection was given around mid-day. However, if the
music was played at midnight the animal would voluntarily enter the
cage even though there was no artifical light (note that rhesus
monkeys are not a nocturnal species and that their night vision is
no better than man’s). If the music was presented by a strange
experimenter the monkey would still voluntarily, although somewhat
more reluctantly, enter the squeeze cage. After the monkey entered
the injection apparatus, if the drug was not administered, the
animal would become highly agitated and would frequently approach
and attempt to re-enter the squeeze apparatus several times. If
only part of the injection procedure was executed, e.g., music
without opening the squeeze cage and no injection, he would show some
abstinence signs, i.e., partial withdrawal such as piloerection and
¥awn_ing. While being regula_rl){ maintained on the opiate, the. monkey
unctioned normally 'and maintained his social rank and privileges
within the group, if necessary by means of combat. However, at
times he appeared to overreact to minor irritations by severely
attacking other members of the group. Alternatively, he sometimes
reacted to threatening or disquieting stimuli by entering the in-
jection apparatus. After the animals had been weaned from the drug
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and maintained drug-free for several months, the experimenter again
played the tape recorded music and the animal showed the following
signs: he became restless, had piloerection, yawned, became diu-
retic, showed rhinorrhea, and again sought out the drug injection.

In the latter example, morphine was the affect-arousing stimulus.
We assume that the monkey experienced some pleasurable affective
state after each injection. However, the primary datum of interest
was the animal’'s rapid acquisition of highly aberrant behavior
patterns. For a free-living rhesus monkey, voluntarily approaching
and entering a confining squeeze apparatus, suffering to be mechani-
cally squeezed, allowing a human to touch and to inject him with a
needle, are all quite aversive and highly unlikely behaviors unless
strong motivational forces are at work. These forces must certainly
involve aversive control of the drug seeking response and this
motivational control could only obtain from an aversive affective
state (the drug craving) which is greater in magnitude than the
aversiveness inherent in the sequence of instrumental behaviors
which constitute injection seeking. Thus, we assume that the habit-
ual drug-seeking behavior in this monkey is evidence of an aversive
B state. The non-associative procedure of repeated morphine injec-
tions appears to have provided sufficient motivation for the
acquisition of a new and different type of behavior. There are,
however, other aspects of the training procedure which illustrate
the operation of associative and generalization processes. We shall
have occasion to return to these aspects later in the discussion.

Considering cigarette smoking and heroin abuse as forms of habitual
behavior suggests that one is as addictive as the other. Although
it may entail more trials to establish the habit of smoking, toler-
ance to tobacco, at least to its aversive qualities, appears to
develop very rapidly. The initial experience with any affect-
amusing stimulus is often a blend of both aversive and pleasurable
feelings. Thus, the novice smoker may experience a fall in blood
pressure, a slowing of the pulse, nausea, sialosis, cold sweat,
pallor, and occasional nausea and vomiting. For some individuals
these aversive symptoms are so traumatic that they outweigh the
positive aspects of the drug effect. These people usually do not
become smokers. Similar anecdotal results (e.g., Brown, 1965),
have been reported for opiates. In these instances, the first or
early self-administration of heroin or other psychotropic drugs,
although noticeably changing the affective state of the user, also
induces severe aversive symptoms such as nausea, headache and
vomiting. Additionally, some few individuals find a state of
altered perception to be aversive. These individuals have a very
low addiction liability. According to an opponent-process analysis,
the motivation to avoid these aversive components is stronger than
the motivation to redose for the pleasurable components. Those
individuals, however, who adapt rapidly to the aversive aspects of
the stimulus, i.e., those who develop rapid tolerance to aversive
symptoms are prime candidates for becoming habitual users since the
pleasurable aspects of the A state will selectively reinforce the
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operants which produce it. Hence, cigarette smoking will be rein-
forced by the pleasurable affect produced by tobacco smoke.

The pattern of affective dynamics for habitual behavior fits the
data of cigarette smoking. The affect-arousing stimulus, cigarette
smoke, is primarily a pleasurable UCS which engenders a positively
reinforcing affective state, A, and an aversive b-process which
produces a craving or cigarette hunger state, B, when the addicting
elements wear off or are withheld. Initial encounters with smoking
are attributable to the positive reinforcement of smoking operants
by the pleasurable A state. However, with repetition of these
operants, the pleasurable aspect of smoking decreases, while the
aversive aspect of abstinence increases in both intensity and dura-
tion. A gradual transition takes place in which control of the
smoking operant by the pleasant state A is reduced while the aver-
sive state B gains control over the behavior. Thus, smoking changes
from an appetitive response to either an escape or avoidance re-
sponse. Once the metamorphosis is complete, the individual may be
described as an addict since his smoking behavior is primarily
determined by the presence of a strong craving or hunger for smoke,
or by cues which signal the imminent onset of such a state.

THE ROLE OF ASSOCIATIVE PROCESSES

The opponent-process theory assumes that b-processes are strength-
ened through non-associative means and thus, at least initially, do
not depend on learning or conditioning mechanisms. However, it is
highly probable that conditioning will occur whenever an effective
UCS appears to be contingent upon the occurrence of neutral stimuli.
Such neutral stimuli are called CSs in Pavlovian terms; in opponent-
process terminology they are called CSAs (for a-process).

Many types of stimuli may be conditioned to produce cigarette
craving due to their inadvertant pairing with the UCS, cigarette
smoke, throughout the development of the cigarette habit. During
the initial exposures, the A state which is pleasurable can be asso-
ciated with a variety of salient environmental cues which happen to
be repeatedly paired with the pleasure of smoking. For example!
satiety cues after a meal may be paired with smoking, or the stimu-
lating affects of coffee or alcohol may be repeatedly paired with
the enjoyable cigarette A state. These stimuli are CSAs. Other
examples might be any boring or mildly tedious task which can be
accomplished while smoking for pleasure, e.g., driving, studying,
manual labor, etc.

A CS repeatedly associated with a B state will be procedurally iden-
tical to a CS in a Pavlovian backward conditioning paradigm. Such
a CS functions as an inhibitor of the initial reaction to the UCS.
In opponent-process parlance, such an inhibitory backward condition-
ing CS is called a CSg because its occurrence is temporally contigu-
ous with the peak of the b-process. As the smoker becomes tolerant
to nicotine and the pleasurable aspects of smoking are reduced, the
aversive B state will be repeatedly paired with several different
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kinds of stimuli and situations. For example, an empty purse or
pocket where you usually carry your cigarettes, the last cigarette
in a package, places where smoking is prohibited (church, bus,
theater), people that don’'t smoke, etc., are CSgs which are repeat-
edly paired with intense cigarette craving, state B. Both types of
CSs, CS and CSB can be expectedto gain in associative strength
but at different phases in the addictive cycle. However, their
CPs should, in both instances, reinforce smoking operants.

Recovery from any single presentation of CSA should be biphasic
while the response to any single CSg presentation, i.e., CRg, should
be monotonic. This suggests that CS, elicits a conditioned A
state (CPA), the a-process which underlies this state will engage
the b-process. Termination of CSA should be followed by a B state
which will then slowly dissipate. However, the elicitation of a CRg
by the CSg will not amuse the a-process and its termination will be
followed only by the slow decay of the b-process to some baseline
state.

In my monkey experiments (Temes 1974) the music, the apparatus and
the injection itself are Pavlovian CSs for the pleasurable affective
state elicited by the morphine UCS. However, if the CSs were pre-
sented and the drug was not administered, the animal appeared to
suffer an enhancement of withdrawal. This is because the CR elicited
by the CS, is biphasic, the first phase CR which is not followed by
the UCS leading rapidly to an increase in drug craving. state B.

This increased-craving-then energized an increase in the rate and
intensity of the drug-seeking operant, in this case trying to reenter
the squeeze cage where morphine injections were usually administered.

During initial or early exposure to a new or unfamiliar UCS the
a-process is strong relative to the strength of the b-process. The
state A is quite intense at this time while the state B is rather
less intense. Pairing of a CSA with UCS onset (peak of state A)
should result in the rapid growth of the excitatory properties of
CS and pairing CSg with UCS offset (peak of the B state) should re-
suit in the relatively slower growth of the opponent properties of
CSB. However, after the subject has become experienced with the UCS,
the conditioning increments induced by pairing CS, with the UCS will
be relatively small because the A state is less intense as a conse-
quence of the suppressive effects of the strengthened b-process.

In contrast, the increments in conditioning induced by-pairing the
CSg with the peak of the b-process should be relatively larger when
B is stronger. Following line of reasoning then, pre-exposure
to the UCS prior to Pavlovian differential conditioning should im-
pair conditioning of a CS, and facilitate conditioning of a CSg.
This is a unique prediction of the opponent-process theory. It
suggests that-the-degree of prior exposure to, the UCS determines, at
least partially. whether the excitatory conditioning of a CS+ pro-
ceeds more rapidly than the inhibitory- conditioning-of CS-.

Wikler (1973) pointed out that certain symptoms which accompany the
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unconditioned effects of centrally acting drugs are adaptive re-
sponses to the direct effects of the drug. With repeated drug
administrations, the individual is capable of developing new suc-
cessive adaptations to the initial actions of the drug. Such
counteradaptations may be intimately involved in the development of
tolerance. According to Wikler's model, a CS which is paired with
direct pharmacological reinforcement will come to elicit such a
counteradaptation as a CR. This CR will be opposite in direction
to the agonistic effects of the drug. These feedback mechanisms
will counteract the effects of the drug and it is possible that
with repeated dosing such counteradaptive responses may become in-
tensified. These data fit the opponent-process interpretation of
affective or hedonic arousal.

Conditioned Craving

Clinicians working in methadone treatment programs have often
noticed that patients report “sickness” despite high maintenance
levels of methadone. Similarly, it is not unusual to observe with-
drawal signs, e.g., tearing, yawning and runny nose, during group
therapy with detoxified addicts when drugs are discussed. Wikler
(1948) noted what he thought was a conditioned withdrawal syndrome
in rats. After repeated pairing of narcotic withdrawal with
environmental stimuli, the environment itself appeared to acquire
the power to elicit the withdrawal symptoms and signs. He proposed
that in detoxified addicts (who are no longer physically dependent)
relief of conditioned withdrawal symptoms may be a major motivating
factor for the resumption of drug taking behavior.

Our group (O'Brien et al. 1977) has demonstrated conditioned with-
drawal syndrome when sounds and smells were paired with injections
of a narcotic antagonist in methadone maintained addicts. Thus,
conditioned withdrawal syndrome appears to be an instance of direct
condition of the B state, CRg. However, the same result may also
follow the presentation of a CSA. This may be what was observed in
the morphine dependent rhesus monkey. When the morphine injections
were suspended in the study described above, the animal appeared to
experience abstinence agony for a few days but later he appeared to
get well. His behavior as the dominant animal of the group appeared
normal in every way. He no longer approached the injection environ-
ment except in a random fashion (i.e., he no longer attempted to
enter the squeeze cage and sit near the guillotine door). However,
after three months, when the experimenter again played the tape
recorded music and opened the squeeze cage door, the animal became
restless and withdrawal signs such as piloerection, yawning, and
gagging were observed. Eventually the monkey, given up to 15 minutes
of exposure to these stimuli, would voluntarily enter the injection
apparatus. Sometimes, however, although the animal was obviously
experiencing aversive symptoms, he would not enter during the 15
minute trial. If, however, an additional opportunity was given
after a 30 minute period, the animal would respond by entering the
injection apparatus immediately, usually, by running at full speed.
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Pharmacologically there was no reason for the animal to respond in
this fashion. This seems to be another demonstration of condi-
tioned withdrawal syndrome. However, in this instance the external
stimuli, which in opponent-process terms would be a compound CS,,
elicited only an attenuated CRA which was followed by a withdrawal
response. The fact that the animal did not respond at first but
that he almost always responded after termination of the CSA is
suggestive of a biphasic CR of the type predicted by the opponent-
process model.

Conditioned withdrawal probably takes on several different quanti-
tative values. Under certain conditions it may be sufficient to
energize operants which lead to redosing. At other times it may
only involve conditioned craving. This craving state may not, by
itself, provide sufficient motivation to reactivate the habit.
However, it is conceivable that a conditioned craving response may
summate with some other aversive affective state and energize a
drug-seeking operant through the process of response generalization.

GENERALIZATION A AND B STATES

The common feature of all habitual behaviors is the intense craving
which characterizes the B state. This craving or hunger may not be
entirely specific. Although some individuals may discriminate the
precise qualitative aspects of the craving, it is probable that a
generalization gradient for aversive states exists. Thus, intense
aversive affective states conceivably could be mistaken, substituted
or generalized to the cigarette craving B state. We know that the
prediction for an aversive B state is escape or avoidance operants.
If an aversive state (e.g., test anxiety) is mistakenly labeled
cigarette craving, this state should also energize smoking operants.
Or consider the possibility that another aversive state may poten-
tiate or interact with the cigarette craving b-process. This could
shorten the interval between cigarettes and reduce the satisfaction
which cigarettes provide. The possibility for generalization in
the other direction also exists. Thus, for example, a mild cigar-
ette craving might heighten test anxiety. Most probably there is
a continual trade off in such an interaction, the direction of the
generalization being determined by the relative intensities of the
two states and by the array of effective operants which are avail-
able for escape. For example, as the date of an important exam
draws near, the anxiety it produces increases as a function of the
slope of the individual's anxiety gradient. At some point, this
test anxiety may generalize to cigarette craving. If the oppor-
tunity to smoke is not available, the student's test anxiety may
surge upward and energize studying behavior. If the opportunity to
smoke Is available, however, it is possible that smoking will occur
while studying will be deferred. If however, the student has
neither cigarettes nor text book, he may suffer a “nicotine fit” or
very intense craving for cigarettes which will energize buying or
borrowing operants. Alternatively, if he has both cigarettes and
textbook, he may smoke and study concurrently.
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The problem of generalization of affective states also includes re-
sponse generalization. Thus, it is possible that although the
student recognizes that his anxiety is primarily due to the im-
pending exam, he nonetheless attempts to find solace in operants
for anxiety reduction that have been previously reinforced, i.e.,
he will perform responses which have frequently terminated or
avoided an aversive B state, such as smoking. Thus, the student
who has not studied may smoke to reduce his anxiety during the exam
since the more appropriate studying operant is no longer an avail-
able alternative. On the other hand, when smoking is not an
available operant, i.e., when the smoker is “trying to quit,” other
types of operants which have a prior history of relieving tension,
anxiety and craving may be substituted for cigarette smoking.

The naive assumption of most smokers trying to quit is that hunger
for food increases when one stops smoking. Although it is true
that food may begin to taste better due to a renewal of taste sen-
sitivity, it is more likely that the increased hunger is a vivid
example of generalization from state B,, cigarette-craving, to
state B, food hunger. It is also true that in some individuals
eating functions as an operant for anxiety reduction and thus re-
sponse generalization to eating in the abstinent smoker is highly
predictable. It should be pointed out that generalization of CSus
and CSgs may also occur. We are unfortunately, almost totally
ignorant of the laws governing the generalization of aversive A

and B states. : Future research in this area could be very important
to the development of a workable therapeutic regimen for- the- amelio-
ration of habitual behavior. For example. it could be highly
beneficial to engineer response generalization during critical
periods of detoxification, “quitting,” so that rather than smoking,
some other activity which could at least partially reduce craving
could occur. Such an alternative is eating. Perhaps other alterna-
tive operants such as hobbies (tennis), could be developed prior to
the period of total abstinence.

The opponent-process model predicts that certain affect-amusing
stimuli would be more effective than others in producing generaliza-
tions and that their relative effectiveness will depend on the time
at which they occur. Thus, early in the withdrawal period we know
that the B state, craving for cigarettes, is intense while the A
state, pleasure for smoking, is weak. During this early withdrawal
state, it should be easy to replace the positive reinforcing affect
of smoking, A with another positive reinforcer, A such as highly
palatable food.. The strategy is to replace the smoking-operant with
the eating-operant. On the other hand, the opponent-process model
predicts that at this same time, an attempt to inhibit the smoking
operant by aversive control (threat of punishment), an aversive A,,
or the occurrence of an aversive B, (e.g., loneliness), could be
counterproductive because B, is very strong: It will probably
generalize in the wrong direction, and it is possible the state B
will interact with A, or B, to produce B,1, an enhanced withdrawal
reaction. Later in the withdrawal sequence, our theory predicts
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that the A state, cigarette enjoyment, will increase while the B
state, craving, will be weakened. At this time a viable strategy
might be to attempt to substitute an aversive state such as pun-
ishment, A,, for B, or tennis craving, B,, for B,. Thus, the
abstinent smoker could perform operants to obtain relief from these
conditions and perhaps as a secondary gain be relieved from cigar-
ette craving. It is conceivable that an aversive b-process could
be confused, i.e., generalized or substituted, with an aversive
a-process as well as with other aversive b-processes. The possible
Combinations of these substitutions are as follows:

1. An aversive a-process (a,) could generalize to an aversive
b-process (bl), e.g., if b, is nicotine craving and a2 is the ex-
wife. Relapse in an abstinent smoker might then be potentiated by
the sight or thought of the ex-wife. Another example would be
nicotine craving, b,, and test anxiety, a2. As the test draws
nearer, as well as during the exam, craving for cigarettes could
be heightened.

2. Aversive b, generalizes to the aversive a,. For example,
nicotine craving bl and headaches a, generalize such that abstinence
from cigarettes potentiates the aversiveness of the headache and
leads to aspirin taking.

3. Aversive b, generalizes to aversive b,, For example, bl is
taste craving and b is nicotine craving. The abstinence from
smoking will probably increase the desire to eat more food. Simi-
larly, if b, is loneliness it might also be intensified by cigarette
abstinence and vice versa.

In any event, response generalization will probably occur especially
in the situations where there is no instrumental response available
to directly alleviate or terminate the aversive condition. For
example, when the loneliness (B,) state has been elicited by the
death of a loved one, no direct means of terminating the B state
exists and this may lead the subject to generalization to other re-
sponse categories which have been selectively reinforced by termina-
tion of aversive states. Such a response is smoking. Thus one
might try to protect the abstinent smoker from as many intense
affective influences as possible. This actually includes two cate-
gories, aversive a-processes engendered by aversive UCSs and also
intensely pleasant UCSs which elicit pleasurable a-processes and
engender equally aversive b-processes upon their Termination. For
example, sexual encounters-could also trap the unsuspecting cigar-
ette habitue into smoking. This is not to suggest that one must
totally withdraw from life to give up smoking but rather to indicate
how very fraught with difficulty the mad to abstinence actually is.

Perhaps the most dangerous possibility, relative to relapse to
smoking, is the situation in which the a, state is similar in
quality and intensity to the aversive bl state. The best example
is the generalization from coffee or alcohol effects (mild nervous
excitement or tension) and cigarette craving. Smokers who drink
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alcohol and/or coffee learn to compensate reciprocally from moment
to moment for the stimulating effects of alcohol or caffeine on the
one hand and the relaxing effects of nicotine on the other by alter-
nately dosing first with one agent and then with the other. A
smoker who wishes to give up the cigarette habit would do well to
refrain from coffee and/or alcohol during the critical period of
withdrawal, i.e., during the critical decay duration. A rule of
thumb for the newly abstinent smoker might be to avoid or limit ex-
posure to intense affect-amusing stimuli both pleasant and aversive.

The discussion of generalization would not be complete without men-
tioning the pharmacological concept of cross-tolerance and its
implications for therapy. Pharmacotherapy in the treatment of
habitual behavior is essentially an instance of replacement therapy
where a drug or chemical compound serves as the affect-amusing
stimulus which is used to terminate the aversive B state. In order
to be effective in this manner, the drug must be capable of pm-
ducing an affective resultant which can be generalized to the
original affect-amusing stimulus. For example, barbiturates can
be substituted for alcohol because their patterns of affect are
very similar. Another requirement is that they must be capable of
reducing or blocking the affective state which energizes the
offending operant behavior, for example, methadone is used thera-
peutically to block opiate hunger. In the former instance, (alcohol
- barbiturate) there is really very little if any therapeutic
advantage to substituting one affect-amusing stimulus with another
if they both engender similar habitual behaviors. In the latter
instance (methadone for heroin), there may be some justifiable
therapeutic advantage to using methadone to block heroin withdrawal.
Therapeutic advantages reside in the differences as well as in the
similarities between the two stimuli. Thus. in as much as the
methadone a-process generalizes to the heroin a-process, it can
block hemin withdrawal agony B,,. the motivation for drug seeking
behavior. At the same time, its temporal parameters such as the”
critical decay duration and duration of action are such that dosages
can be more easily reduced, or faded out. However, the methadone
assisted detoxification strategy is an imperfect one because at
therapeutic doses, which block heroin withdrawal syndrome but do not
produce a “high” or euphoria, the opportunity exists for drug taking
to be positively reinforced by the pleasurable A state of an opiate.
Individuals presently in methadone maintenance therapy frequently
take advantage of this fact. At higher doses of methadone which
will block heroin high, a methadone high is produced, witnessed by
the traffic in illegal methadone, and no therapeutic gain is made in
terms of rehabilitation. Perhaps what is necessary is two drugs,
one to block the A state and the second to block the B state. Even
if these drugs were available, the risk of conditioned abstinence
syndrome or craving still exists. Experience with patients in
methadone maintenance attests to this fact. It is not uncommon for
patients who are being maintained on relatively high doses of metha-
done (i.e.. high relative to their street heroin habit) to suffer
withdrawal and craving reactions. Most of the craving or withdrawal

175



episodes are probably CRs (conditioned abstinence or conditioned
craving) to CSgs. At present we are only beginning to understand
how the various psychological and physiological components of
withdrawal syndrome fit together.

Another pharmacotherapeutic approach would be to detoxify and then
block the pleasurable A state pharmacologically. The naltrexone
maintenance strategy is an example. Naltrexone at sufficient levels
in the blood makes it impossible for a detoxified addict to get high.
Detoxified addicts have no pharmacological reason to suffer craving
or withdrawal agony. Thus if they take drugs it must be because of
a conditioned abstinence reaction. However, should the addict
attempt to get high by shooting up heroin, the whole sequence of
events which normally leads to reinforcement, e.g., friends, places,
“coping,” cooking up, syringes, and shooting up, etc., should be
subjected to experimental extinction. This type of natural extinc-
tion procedure may be the only effective extinction strategy.

At the present time the only form of pharmacotherapy which might be
used for treatment of the smoking habit would be self-dosing with
nicotine. At least one report (Johnson 1942) of substituting the
pleasant affect of nicotine was successful. However, although the
author came to prefer the repeated self-injection of nicotine to
smoking, the prospect of nicotine self-injection is not a very
attractive alternative for most chronic smokers. Recently, Kumar
et al. (1977) reported that intravenous doses of nicotine failed to
produce an immediate reduction in ongoing smoking behavior, a re-
sult that comes as no surprise to those of us who are familiar with
methadone maintenance. Thus, for the time being, pharmacothera-
peutic approaches to cigarette smoking do not appear promising.

It should be reiterated that the difficulties of becoming abstinent,
i.e., enduring the critical decay duration without redosing, are
merely part of the problem. Difficult though it may be, the

critical decay duration can be breached given that an adequate de-
gree of motivation to “quit” exists. However, data from the various
subclasses of habitual behavior indicates that although the obese
occasionally go on diets, although the alcoholic and heroin addict
can be detoxified, and the smoker can “quit,” a high degree of
recidivism occurs. The relapse statistics in all cases suggest
that other potent determinants of habitual behavior, most likely
the generalization and associative processes, continue to exert
their influence by energizing habitual operant behaviors. Thus, it
is the associative and generalization processes which are primarily
responsible for relapse in the addictive cycle.

THERAPEUTIC STRATEGIES SUGGESTED BY THE OPPONENT-PROCESS MODEL
A number of behavioral strategies have been indicated above which
appear to follow both explicitly and implicitly from the theoretical

model. In closing this discussion, it would probably be helpful to
specify a list of these strategies for the treatment of the chronic
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cigarette habit. Functionally they may be divided into two sepa-
rate categories: pre-detoxification or strategies for “quitting’
and post-detoxification or strategies for remaining abstinent.

Strategies for quitting:

1. Try cold turkey. The opponent-process model indicates that the
optimal approach to becoming abstinent is to completely stop pre-
senting the affect-amusing stimulus. In drug parlance, this is the
“cold turkey” strategy, so named for the goose flesh which accom-
panies abstinence agony when a heroin addict undergoes unassisted
withdrawal. This approach dictates that the critical decay duration
and accompanying abstinence agony is endured without any additional
pharmacological aid. According to the opponent-process model this
iIs the most rapid and efficient, if not painless, method of detoxi-
fication. If one is a chronic smoker, then the fastest method of
“kicking the habit” should be to just stop smoking. Since the
opponent-process model indicates that the b-process is weakened
through disuse, and since the b-process,is-the substrate of cigar-
ette craving, not exercising the b-process for a period longer than
the critical decay duration should dissipate the desire to smoke.

2. Try fading procedure or “cutting down.” Fading is a procedure
which leads to a less painful albeit longer detoxification procedure.
Gradually reducing the intensity of the affect-amusing stimulus
should lead to a reduction of the strength of the b-process. In a
sense, the aversiveness of the withdrawal procedure is under the
control of the smoker who may administer small doses of nicotine
whenever craving, the B state, becomes too aversive. Although less
painful in terms of intensity of aversive stimulation at any given
moment, the withdrawal is prolonged and of course the risk of relapse
is high since-the procedure continues to exercise the b-process. It
also continues the rather questionable practice of presenting both
CSas and CSgs such as cigarettes, matches, buying, lighting,
smelling smoke, etc., whose CRs should produce craving and also
should engender the restrengthing or growth of the b-process.

Try to avoid CSgs which can only produce an increase in craving,
CRgS. Thus, for example, if an empty pocket or purse is a cue for
cigarette borrowing, “bumming a smoke,” try carrying a full unopened
package in that pocket. Also try to avoid places where you have
frequently experienced cigarette craving in the past such as theaters
or buses. Such an environment could only be expected to intensify
cigarette craving by eliciting CRBs.

4. Try to avoid intense affect-arousing stimuli both pleasurable
and aversive. The process of generalization from one aversive B state
to another, e.g., from loneliness to cigarette craving, could inten-
sify or potentiate the occurrence of a smoking operant. Likewise,

an aversive A state such as a headache could similarly generalize to
cigarette craving and energize the smoking operant. Other such aver-
sive states that could probably generalize to the cigarette craving
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B state are emotions which are known to occur during nicotine with-
drawal, for example, irritability, tension, anxiety, depression,
etc. Thus, stimuli known to arouse these states should also be
avoided.

5. Try to engineer response generalizations which reduce craving
by making operants which lead to pleasurable A states available.
For example, provide the opportunity to snack on something tasty.
We how that at the start of abstinence, since the b-process is
strong, the A state is weak. Thus, mildly pleasurable affect-
amusing stimuli, e.g., peanuts, may outweigh the pleasurable as-
pects of smoking. Therefore, hopefully, the peanut craving will
energize eating, not smoking, and the operant will reduce craving
in general.

6. Take a vacation when you want to quit smoking. The logic of
the strategy is that the CSAs and CSBs which have been conditioned
during the years of smoking, and perhaps quitting, i.e., during
the addictive cycle, will either not be present at all or will be
significantly reduced when you are on vacation. Vacations are re-
laxing, or should be. However, if you usually smoke while driving,
don’'t go on an automobile tour. Likewise, avoid shocking new
experiences such as sky diving or other thrilling new encounters.
Don't come back until the craving is gone, but don't stay in the
withdrawal environment after it is gone. In other words, the
vacation site will be the setting for experiencing the most intense
cigarette craving and should therefore become conditioned as a CSB.
So don't stay there too long.

Strategies for staying abstinent.

1. If possible, plan your quitting to coincide with a change of
jobs or houses or cities. Take a vacation and quit, and then go to
the new environment which is at least partially free of CsAs and
CSBS .

2. Engineer response generalizations of the following types: Type
(1), generalize aversive b,, (e.g., cigarette craving) to aversive
a, (e_%_, test anxiety) where the most available relief-producing
operant is a slow but mildly pleasant task, such as reading a book
of short stories to reduce anxiety about a literature exam. Type
(2)) generalize aversive b (cigarette craving) to aversive bg
(craving to play tennis) where an available operant for the relief
of the craving is an enjoyable hobby or sport.

3. Submit CS,S and CSgs to experimental extinction. Recognize that
the risk of relapse remains high until the power of these CSs. has
been reduced or extinguished. This procedure should be employed
with great caution. ‘Experimental extinction is the procedure of CS
presentation not followed by a reinforcement or UCS. During early
extinction trials, an intensification in the rate and intensity of
the CR commonly occurs. In this instance, placing an unlighted
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cigarette in your mouth, drinking coffee, drinking alcohol, eating
a heavy meal, etc.,, all constitute experimental extinction trials.
The increased craving which accompanies these early trials, if it
is not terminated by smoking, should dissipate on later trials.
However, the danger inherent in this procedure lies in the fact that
if the elevated craving energizes the smoking operant, the reaqui-
sition of the smoking habit will occur quite rapidly. This is
known as the phenomenon of savings in Pavlovian conditioning. It
means that the slope of the reacquisition curve is steeper than the
original acquisition curve. Another danger lies in the fact that
after abstaining from smoking for a time, the A state will be very
intense and this means that the first few cigarettes after relapse
will be intensely enjoyable.

Thus, it seems that there are pitfalls at every turn. The smoker
trying to “kick the habit” does not have an easy task. His behavior
seems to be over-determined by the normal function of his homeo-
static mechanisms. However, knowing what to expect and planning ‘for
it will be helpful. The opponent-process model provides a guide.

GLOSSARY

Aversive control. The use of an aversive stimulus to manage be-
havior in escape or avoidance training.

Backward conditioning A conditioning paradigm in which the tempo-
ral relationship between the CS and UCS is reversed such that the
UCS precedes the CS.

Conditioned response (CR). A learned response to a CS that did not
originally elicit the response.

Conditioned stimulus (CS). A previously neutral stimulus that has
acquired the capability of eliciting a CR after having been paired
with the UCS.

Conditioning An associative process by which responses are
In Pavlovian conditioning, an originally ineffective
stimulus comes to elicit a particular response.

Escape training. A procedure in which the performance of a response
terminates the aversive stimulus.

Experimental extinction. The gradual disappearance of a conditioned
response when the stimulating situation is repeated but the response
is not reinforced.

Motivation. A concept used to explain the initiation, maintenance
and direction of goal oriented behavior.

Operant behavior. A conditioned response that manipulates the
environment in order to gain reinforcement.
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GLOSSARY (Cont)

Opponent-process theory. A theory of unlearned and acquired motiva-
tion based on the assumption that animals and human beings possess
affective homeostatic mechanisms, whose function is to reduce the
affective response to intense emotion arousing stimuli.

Reinforcement. An agent or process that strengthens a response.
Response. Any reaction by an organism to a stimulus.

Response generalization. The tendency to make responses similar to
the learned response.

Stimulus generalization. The tendency for stimuli which are similar
to a training stimulus to evoke a response.

Stimulus generalization gradient. A function relating response prob-
ability or response intensity to stimuli of increasing difference
from the CS.

Unconditioned response VCR). The response that is elicited by the
UCS and which after training becomes associated, wholly or partially,
with the CS.

Unconditioned stimulus (UCS). A stimulus that reliably elicits the
response to be conditioned without any prior training.
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DISCUSSION

This theory does not require that the affective arousing stimulus
produce either a positive or negative affective reaction. If the A
state is pleasurable, the B state will be aversive. If the A state
is aversive, the B state will be pleasurable. In animals, a pleasur-
able induction can lead to abstinence agony when a conditioned stim-
ulus is withheld.

One of the problems with smoking is to identify and characterize the
nature of the A state. Several types of smokers have been character-
ized including the positive and negative affect smokers. .Some
smokers claim they receive no pleasure from smoking, but that they
can't live without it. That implies a very strong B state and a
small A state. A period of abstinence probably increases the pleasure,
though, so that even if smoking was not very enjoyable, after a day or
two of not smoking, the first few cigarettes might be highly rein-
forcing. Unfortunately, there is a Pavlovian concept of savings in-
volved, here such that the pleasurable aspect drops out rapidly when
smoking is reinitiated.

Although the diagrams of the sequence of A and B processes were se-
qguential, the conditioning process is not sequential, The onset of
the unconditioned stimulus (A process) immediately engenders the B
process, although the B process may not be seen until the stimulus

is terminated. In the early stages B is weak, although it is engen-
dered immediately by the A process. B's existence can be demonstrated
by terminating A. Even when no affective state is produced by an
unconditioned stimulus, the B state might still be produced. For ex-
ample, drugs in very small doses may not be perceived, but with con-
tinued use a strong B state (withdrawal) can be produced despite the
fact that no identifiable A state ever occurred. The theory might be
modified to try to separate the affective action and reaction from
what may be activity at other levels.

This theory is set up to handle acquired motivation assuming there is
some affect following the unconditioned stimulus. If a stimulus does
not produce an affective state it is not an affective stimulus: S.
Siegel has demonstrated that rats given multiple low doses of mor-
phine in one environment develop tolerance in that environment but
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that they will have an analgesic response to the same dose when
switched to a new environment. When a drug is removed from an ani-
mal that has been very gradually habituated, a physiological depriva-
tion is produced which leads to an initial A process. There is
nothing about physiological deprivation that is inconsistent with
the theory because that may be the A process itself.

If this point seems unclear, it may be because disagreement was ex-
pressed among discussants as to whether or not it is possible to pro-
duce an A state without an affective process. When an organism is
conditioned only motor responses are usually observed. However, if
one also examines autonomic functioning it is seen that the heart
rate of a dog, for example, conditions much sooner than the motor
responses. Further, the heart rate conditioned response never dis-
appears or extinguishes. This schizokinesis, as it is called, has
been documented many times. Thus if an affective state is not
seen it may be because all of the possible affective states were
not examined. In other words, the concept of affective state must
be broadened to include any organismic reaction to an introduced
substance. This is not to say that the unconscious organism is
having an affective state, but that any kind of response to a given
stimulus is part of that response.

The issue of what constitutes an affective state was discussed at
length. Some discussants felt that when trying to explain habitual
behavior that involves pharmacological substances it is necessary to
discuss rate functions at the receptors. It is possible to occupy
receptors so slowly that you get nothing that any human could per-
ceive . Then, by gradually increasing the doses, physiological with-
drawal may be produced without ever having induced an affective state.
A response to this point was that if you don't perceive it, no affec-
tive state may be there.

In cigarette smoking, there is no clearly defined withdrawal syndrome.
The effects of smoking cessation are individual in perception. Dr.
Ternes, in responding to these comments pointed out that physiology
and behavior are not clearly defined when discussing smoking or other
drugs either. There is an enormous variability in the reactions of
addicts to self -injected opiates as opposed to injections from others,
especially when they are aware that the injection might contain a
placebo but are uncertain about it. The affective value of cigarette
,smoking is a central issue since it may have either a positive or a
negative affect according to this theory. Some people have said that
the only way to get ,smokers to quit is to produce a negative affect

in association with smoking. Other experience, however, suggests
that creating a feeling of relief may be very effective. This pro-
bably depends on where the smoker is. During early withdrawal, sub-
stituting a positive affect stimulus might outweigh the pleasurable
aspects of smoking. Later, after a period of smoking cessation when
the B state has became weak, it ought to be easier to substitute
other types of mildly aversive stimuli.

Thomas M. Vogt, M.D., M.P.H.
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Sociocultural Factors in the Etiology of
Smoking Behavior: An Assessment

Leo G. Reeder, Ph.D.

INTRODUCTION

Ever since the publication of the Surgeon General's Report on the
dangers of smoking in 1964, there has been heightened interest in
the health effects of smoking and a large body of epidemiologic
data has documented an association between cigarette smoking and a
variety of diseases including coronary heart disease, cancer,
chronic bronchitis, ulcers, etc. (CDC, 1975). Indeed, it has been
demonstrated by Enterline (1960)) Preston (1970a, 1970b), and keth-
erford (1972) that cigarette smoking is the most likely candidate
to account for the major part of the widening mortality gap between
the sexes. The contribution of cigarette smoking to excess widow-
hood in the USA has been estimated (Grannis, 1970) to be substantial.
It is the most important preventable cause of premature death and
illness in this country. In addition, there is a vast literature on
the psychological or personality correlates of smoking behavior,
sociological and social psychological factors related to smoking
behavior, and, of course, attempts to control smoking behavior
through a variety of behavior modification approaches. In this
present paper we shall assess the state of the art of research in
the etiology of smoking behavior. Thus, the focus is upon those
factors related to initiation of smoking behavior rather than cessa-
tion of smoking. Problems associated with getting people to stop
smoking are quite different from those involved with etiology.

Although a vast literature exists on smoking, including its health
consequences, behavior modification and other intervention stra-
tegies to have people cease smoking, psychological and personality
correlates, and other aspects, very little is known about the socio-
cultural etiology of smoking. Examination of the literature directly
relevant to this paper suggests that smoking behavior is, in fact,
entwined in a most complicated set of social and psychological pro-
cesses. First, we shall present the major distributional features
of the characteristics of this behavior by socio-demographic
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background factors. Next, we shall present what, in our opinion,
are the most salient findings on social and social psychological
processes associated with ‘smoking behavior’. Finally, we shall
suggest some areas for future scientific research on the social
epidemiology of smoking.

Consumption of cigarettes has increased nearly threefold since 1930
in the USA and Western European countries (with notable reductions
recently occurring in certain countries). Until very recently males
had been indulging in the habit with considerably greater frequency
than females.

Despite anti-smoking campaigns and warnings that cigarettes are
potential health hazards, the amount smoked, according to the De-
partment of Agriculture, increased 2.1 percent in 1976 over 1975.
There is a trend, however, toward the use of low-tar, low nicotine
cigarettes.

SOCIO-DEMOGRAPHIC BACKGROUND CHARACTERISTICS

Age-sex trends--The data in Table | indicates that cigarette smoking

the United States was less prevalent among persons 20 years of
age or older in 1975 than it was in the comparable age group 10
years previously. The ten-year period between 1965 and 1975 shows
a decline of 8 percent or nearly a one-fifth reduction in the pro-
portion of smokers in this age group. these data, based upon a
national telephone survey and in-person survey conducted for the
National Clearinghouse on Smoking and Health, are significant in a
number of ways. For although there has been a drop in the propor-
tion of adult smokers, there has been an increase in teen-age
smokers; the increase of 6 percent between 1965 and 1975 occurred
during a time of decline in the rate of growth of the 13-19 year
old population. In raw numbers, the increase in teen-age smokers
is cause for concern. We shall return to this topic later.

Despite an increase in the adult population from 118 million to 139
million persons during the 20 year period under study, the total
number of cigarette smokers declined from 49.7 million to 46.9
million (see Table II). Declines were noted for both sexes, when
compared with 1965 although the drop for males is substantially
greater than for females. In fact, among women, each successive
generation appears to have adopted smoking at levels approaching
those of men; this was particularly true for younger members of

the sex with the beginning of World War Il. This trend has resulted
in equality of smoking rates for those who are now 21 years of age.

The National Clearinghouse on Smoking and Health has sponsored a
series of national surveys that provide longitudinal data on the
smoking habits of the American public, beginning with 1955. These
data are summarized in Table Il and Chart 1. Examination of these
data may help clarify some of the confusion created by the paradox
of "more cigarettes being sold than ever before” as well as more
people giving up the habit of smoking than ever before, and other
variations in the smoking patterns of segments of American society.
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TABLE |. Estimated cigarette smokers, by age,
United States, 1955, 1965, and 1975 *

Age Group Year Total Cigarette
(years) Population* Smokers** Smokers
(millions) (millions)

13-19 1955 16.0 2.2 14
1965 24.4 14

1975 29.5 6.0 20

20 and 1955 104.8 39.6 38
over 1965 118.0 49.7 42
1975 138.8 46.9 34

Center for Disease Control, PHS, Morbidity and Mortality Weekly Report,
Vol. 26, No. 19, May 13, 1977.

* U.S. Department of Commerce, Bureau of the Census, Current Population
Report. Estimates of the Population of the United States, by Age,
Sex, and Race: 1970 to 1975. Series P-25.

** Based on national surveys in 1955, 1965, and 1975, sponsored by

National Clearinghouse on Smoking and Health, Bureau of Health Edu-
cation, Center for Disease Control. Atlanta.
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TABLE Il. Estimated cigarette smokers, by sex
in persons 20 years of age or older in |
the United States, 1955, 1965, and 1975.

Sex Year Total Cigarette %

Population* Smokers** Smokers
(millions) (millions)

Male 1955 50.9 26.5 52

1965 65.8 30.0 53

1975 66.1 25.9 39

Female 1955 53.9 13.1 24

1965 61.2 19.7 32

1975 72.7 21.0 29

‘Center for Disease Control, PHS. Morbidity and Mortality Weekly
Report, Vol. 26, No. 19, May 13, 1977.

*U.S. Department of Commerce, Bureau of the Census, Current Popu-
lation Report. Estimates of the Population of the United States,
by Age, Sex, and Race:’ 1970 to 1975. Series P-25.

**Based on national surveys in 1955, 1965, and 1975 sponsored by

National Clearinghouse on Smoking and Health, Bureau of Health
Education, Center for Disease Control, Atlanta.
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TABLE Il

Estimates of Cigarette Smokers in the United States in 1955,
1965, and 1975 Among Teenagers (Ages 13-19) and Adults (Ages 20
and Over) and Separately for Males and Females'

Both Sexes Combined: Numbers in Millions

Current .

Total Cigarette Former Never % Quit

Population Smokers  Smokers Smoked Smokers Rate

Teenagers 1955 16.0 2.2 0.2 13.6 14 a%

13-19 1965 24.4 35 14 19.5 14 29%

1975 29.5 6.0 3.1 20.4 20 34%

Adult; 1955 104.8 39.6 7.5 57.6 38 16%

20 b Over 1965 118.0 49.7 17.8 50.5 42 26%

1975 138.6 46.9 29.5 62.4' 34 39%

All Persons 1955 120.7 41.8 7.7 71.2 35 16%

Aged 13 b 1965 142.4 53.2 19.2 70.0 37 21%

over 1975 168.3 52.9 32.6 82.8 31 38%
MALES

Teenagers 1955 7.6 1.5 0.1 6.0 20 6%

(Boys) 1965 12.4 2:3 0.9 9.1 19 29%

13-19 1975 15.0 3.1 1.6 10.3 21 34%

Adults (Men) 1955 50.9 26.5 5.5 18.9 52 17%

20 b Over 1965 56.8 30.0 12.7 14.2 53 30%

1975 -66.1 25.9 19.0 21.2 39 42%

All Hales 1955 58.5 28.0 5.6 249 40 17%

Aged 13 & 1965 69.2 32.3 13.6 233 47 30%

over 1975 81.1 29.0 20.6 315 36 42%
FEMALES

Teenagers 1955 8.0 0.7 0.1 7.2 9 10%

(Girls) 1965 12.0 12 0.5 10.4 10 28%

13-19 1975 14:5 2.9 15 10.1 20 35%

Adults 1955 53.9 13.1 2.0 38.7 24 13%

(Women) 1965 61.2 19.7 5.1 36.3 32 21%

20 b Over 1975 72.7 21.0. 10.5 41:2 29 33%

Females 1955 61.8 13.8 2;1 459 22 13%

Aged 13 b 1965 73.2 20.9 5.6 46.7 29 21%

Over 1975 87.2 23.9 12.0 51.3 27 33%

1. These data. provided by Dr. Daniel Horn, Director. National Clearinghouse for Smoking
and Health, Center for Disease Control, Public Health Service, were included in a
statement to the Commission on Smoking' Policy of the American Cancer Society, Los
Angeles. California, Marth 22, 1977.
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CHART 1
PROPORTION OF SMOKERS IN ADULT POPULATION

1964-1975
100
MALE
LEGEND
90 1964 1966 -1970 1975
80
70
172}
@
w g
b4
o 3
= 2
7] ~ X
— "~ ~
zZ '\ Ay
E L}_‘ "y ]
s =l 5 S
3 S o) >
* - K p
5 G
ol o o B —
N b =
4 & 9y
X = J
] % )
: v -
N A = S
) s e =)
A > > ey
- ~3
. A O
N & s B
3 " & o
~ 5 g .
3 & S -
5 £ ] q
2 3] ‘3 IN
] -y o =
=] S ] %
S ] S\ ;;1
21-24 35-44 45-54 56-64 65 & OVER TOTAL

1. Source: U.S. Dept. of HEW, PHS, Center ;for Disease Control, Bureau of
Health Education and National Cancer Institute, NIH. Adult Use of' Tobacco

1975, June 1976.

191



LEGEND

1975

Il

[~
I~
2}

1966

1964

AR P ECTA AL,

(4

55-64

TOTAL

65 & OVER

CHART 1
PROPORTION OF SMOKERS IN ADULT POPULATION
1964-1975 - Continued

FEMALE

I
RGN bl e 2 £ 0 1 U T = T

I

TR A LA I A TSLAD A

LRI YOV ARSI I LD IE

80
70,

8

SHINOWS LN3BHND %

35-44 45-54
AGE
192

25-34

.21-24



The picture that emerges from Table Ill and Chart 1 is that the
adoption of the smoking habit appears to have been slowed con-
siderably; if not halted. Among men, decreases in the proportion
of smokers may be observed in every age group except the oldest.
There was virtually no change in the proportion of men aged 65 and
over who were cigarette smokers, probably a function of the length
of time smoked It may be noted that there was a small increase in
the number of smokers in the youngest age group of women in Chart 1;
the smoking habits of the 21- 25 age group are, almost identical with
those of men of the same age.

As we noted earlier, the decade of the 1940's witnessed a surge in
adoption of cigarette smoking, especially among men. The extreme
right-hand column of Table 3 shows that a large proportion of these
men, now in their 50’s, have given up smoking. This has had the
effect of bringing down both the proportion smoking and the numbers
smoking. Note especially the high proportion of former smokers.
Smoking patterns of teenagers continues to present a contrary pic-
ture, especially for girls (see Table 3). Their smoking habits
approximate those of teenage boys but the adoption rate has dim-
inished. Demographically, this age group will decline in the im-
mediate years ahead because of the declining birth rate. Thus,

if there is no change in the current level of teenage smoking

(one out of five), there are likely to be fewer smokers in this

age group.

Marital Status--There appear to be no differences in smoking be-
havior between males and females that are married. The highest
smoking rates are among those who are divorced or separated. This
finding had been corroborated. earlier by Schwartz and Dubitsky (1968)
in a study of Kaiser Health Plan members. Again, the proportion of
smokers has been declining among males but increasing among females.

Socioeconomic Status (SES)--Among both males and females there is a
gradient, in an inverse direction, between level of educational
achievement and smoking behavior. The better educated groups have
lower proportions of smokers; but this gradient is less sharp for
women.  Substantial differences are found in the most recent study
of the National Clearinghouse between males and females with res-
pect to occupation and smoking habits. For example, among males,
white collar workers are much less likely to be current smokers
than are those in all other occupations. This is consistent with
the relationship for educational status. On the other hand, among
employed women, white collar workers are more likely to smoke than
are those in other occupations. Moreover, there is a greater pre-
valence of smoking among women employed outside of the home as com-
pared to housewives. Again, with respect to family income, there is
a disparity in smoking behavior between males and females. Men in
the upper middle income categories are less likely to smoke while
women in this group are more likely to be current smokers. Thus,
on these two ‘dimensions of SES we find that there is a topsy- turvy
relationship between smoking rates and sex--inversely among men,
directly among women (i.e., the higher the SES the larger the female
smoker frequencies). This finding was also reported by Srole and
Fischer (1973) in an analysis of the famous Midtown study of mental
disorders. As these investigators noted, “in the huge corpus of
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sociological research on SES, there are exceedingly few behaviors
in which the’ sexes show contrary trends on the socioeconomic
continuum...smoking prevalence joins these rare exceptions.”

ihese data lead us to speculate on the relationship between smoking
behavior in females and changing sex roles. A brief review of
these changes reveals the following trends: women have entered the
labor force in greater numbers (Department of Labor figures show
there were nearly 36 million women in the labor force in 1974,
representing 46% of all women 16 and over); women have attended
college and entered the professions with greater frequency; there
is a general trend toward equality in virtually all domains of
social and economic life. Concomitantly, the pattern of smoking
behavior has also undergone changes toward equality. However, in
the case of socioeconomic status the pattern is delayed, so that
the smoking behavior may be perceived as in some way an indicator
of increased socialpower and/or independence.

SOCIAL AND SOCIAL PSYCHOLOGICAL PROCESSES

Social Mobility--Two distinguished investigators have reported a
relationship between social mobility and smoking behavior. Clausen
(1968) found that men who were upwardly mobile in SES, over their
parents’ SES, were less likely to smoke, while men who moved down
in the social order ten&d to be heavy smokers. Srole and Fischer
(1973) reported on their Midtown in mgs that, “SES-mobility among
Midtown men holds a discrete relationship to smoking, with upward
mobility depressing the rate, so to speak, and downward mobility
elevating it.” The data with regard to women in the Midtown study
is not clear. It is difficult to interpret these data further but
they suggest directions for further research which we shall discuss
presently. It appears that SES-mobility between adolescence and
adulthood may partially account for the lower smoking frequencies
for men found in the higher current or own-SES positions, from an
analysis of the data of the two studies.

Social Alienation--One of the most powerful predictor variables in
social psychological research involves the concept of alienation.

It is generally recognized that there are several dimensions to

this concept and in this discussion we shall not elaborate on these
dimensions, except to say that we include measures of anomia (Srole,
1956), locus of control (Rotter, 1966), and powerlessness (Seeman,
1959). Essentially individuals are asked a series of “social per-
ception” questions in each of these constructs and are given a
score. Thus, in the case of anomia, it is postulated that “the
more fully the person feels himself integrated in his social space
the lower will be his anomia score. Conversely, the more alienated
the individual is in his or her social work, the higher will be the
anemia score." (Srole and Fischer, 1973). locus of control refers
to the extent to which one believes that the outcome of events is
contingent on his own actions or dependent on his behavior (reflec-
ting an internal orientation) versus one who believes that the locus
of control of rewards and punishments in his world are independent
of his behavior (reflecting external orientation).
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The data to date suggest that there is alink between anemia and
smoking. Thus, the Midtown study indicates that for men on all SES-
origin strata, smokers as a group have larger mean anomia scores
than do abstainers. There is a reversal again for women; smokers
have smaller anomia scores than do abstainers. Clearly, more re-
search is needed to explicate these puzzling results. Parentheti-
cally, the Midtown investigators found that those men classified as
‘Well” in terms of mental health status, tended to have the smallest
smoker frequencies and those who were classified as “Impaired” in
mental health status had the largest frequencies, and this was’ true
in all SES groups. No consistent mental health status correlation
was found for women and smoking. It must be noted that these are
based on data obtained in the early and mid-fifties and thus must
be interpreted with some caution in light of the changing trends
noted earlier. Moreover, among the Midtown men large anomia scores
are strongly linked to impaired mental health, to downward SES-
mobility as well as to large smoker rates. Since anomia reflects

a perspective of the individual, a perception that the milieu is
not supportive or fulfilling of his needs and aspirations. and thus.
is alienated from it. The link of smoking to the mental health,
downward mobility, and anomia for women is confounded by the incon-
sistencies mentioned earlier.

With respect to the locus of control variable, there is no logical
reason to expect a relationship between whether one initiates
smoking behavior and degree of externality (Foss, 1973). .Rather,

the locus of control variable might have significance with smoking
cessation rates among smokers. A smoker who is externally focuse
would be less likely to quit since he feels that his actions do not
significantly affect his rewards and punishments. But this is not
relevant as an initiation factor. Nor has powerlessness been studied.
in relation to initiation of smoking behavior.

Up to this point, the discussion has focused primarily on adult
smokers. To complete the picture of our current state of Knowledge
concerning etiology it is necessary to turn to the data on teenagers.

SOCIAL CORRELATES OF SMOKING BEHAVIOR AMONG TEENAGERS

In this section, we shall first examine the research findings con-
cerning socio-demographic characteristics and then consider social
psychological factors related to the smoking behavior of young
people. Like other variables considered in this paper, the data on
the socio-demographic antecedents of smoking behavior in teenagers
is of a univariate or correlational, rather than causal nature.
Nevertheless, the data are suggestive for further hypotheses.

Educational Antecedents of Teenage Smoking Behavior--Several studies
have now documented that there is a relationship between academic

achievement during adolescence and the acquisition of the smoking
habit (Matarazzo and Matarazzo, 1968; Lieberman, 1969; Newman,
1968; Bureau of Health Education, 1976). The data suggest that
those academically less successful than their peers contain higher
proportion of smokers than is found among their more successful
classmates. These studies also indicate that smokers more often
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are enrolled in vocational or non-college preparatory courses.
Thus, the educational aspirations of smoking adolescents were
lower than those of non-smokers. This is of special interest in
terms of the data on social mobility noted earlier. For example,
in his longitudinal study in Oakland, Clausen found that in exami-
ning motivation for achievement rather than achievement itself,
boys who were non-smokers in 1964 had been notably high in motiva-
tion to achieve and need for recognition in 1938-39, at the time
they were high school seniors (Clausen, 1968). To explain these
results we might refer to the views of some researchers in this
field. For example, some have postulated that smoking is a res-
ponse to low achievement (Salber, 1968) and others that cigarette
smoking is a form of compensatory behavior for adolescents who are
not succeeding, academically or socially (Newman, 1968), or a method
of coping with anxiety (Mausner and Mischler, 1967). But only a
causally-oriented study could determine this relationship or uncover
some as yet unknown variable leading to both low achievement and
cigarette smoking (Williams, 1972).

Familial Factors--One of the most consistent findings of the four
national surveys of teenage cigarette smoking conducted for the
National Clearinghouse on Smoking and Health is that teenagers who
live in single parent homes are much more likely to be cigarette
smokers than those in households where both parents live in the
home (Teenage Smoking, 1976). Another consistent finding is that
parental smoking influences the adoption of cigarette smoking by
teenagers; and this pattern is strongest where both parents smoke,
weaker when only one parent smokes, and if neither parent Smokes,
the situation is even better. Moreover, the pattern is consistent
across all four surveys with respect to an older sib smoking. Both
boys and girls with older siblings are more likely to smoke if one
or more older siblings smokes than if none of them smokes; the dif-
ference is on the order of 3:I. Both boys and girls are more likely
to start smoking if their mother smokes than if the father smokes
and this is somewhat more true for girls than boys. As we might
expect, the presence of both a parent and one older sibling who
smokes increases the likelihood of a teenager smoking fourfold
(Teenage Smoking, 1976).

Smoking Behavior of Friends--There are no studies that dispute the
link between a teenager’'s smoking behavior and that of his friends.
In the 1974 survey, among Smokers, 87% indicated that at least one
of their four best friends was a regular smoker.

Won-smokers show the opposite pattern. Thus, there is no question
that smokers have friends who smoke and non-smokers have friends
who do not smoke. Although the reasons for this are not clear we
know that’ during the adolescent period, peer group relations are
particularly important; there is a shift in dependence orientation
and the adolescent is changing his significant others from parents
to peers. Considering the data concerning the relationship between
familial smoking behavior and the important effect of this role
modeling on the adoption of smoking behavior by the young boy or
girl, it is not surprising that they might more often select peers
with similar behavior patterns. Indeed, there are considerable
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data. from a variety of studies demonstrating that individuals do
select others for friends and associates who are more like than
unlike themselves.

Implications for Etiology--The data on parents, sibs, peers and
status mobility suggest several factors influencing initiation of
smoking in teenagers. First, there is role-modeling of behavior,
a fundamental feature of socialization from earliest childhood
through adulthood. Second, there is a tendency to express con-
formity. to. the behavior of significant others, such as parents,
older sibs, peers, and older youngsters. A number of investigations
have concluded that degree of conformity to school expectations,
primarily those of student groups, determines the character repu-
tation of the adolescent. Moreover, behavior of students is func-
tionally related to the general social positions they occupy
(including the network of interpersonal relationships) in the
social structure of the school. Through the processes of social
influence, the groups to which an individual belongs maintains
and enforces conformity to norms.

Evidence from studies of social status and status congruence
suggests some consequences of occupying lower status positions.
When there is some possibility of status improvement, lower status
persons will tend to express a liking for high-status ones. When
upward social mobility is limited but stimulations to access are fre-
quent, individuals may fantasize or vicariously enjoy the higher
position; often, however, they may reject the occupants of higher
social status positions.

In this assessment we have tried to distill the most salient
findings from a variety of studies. We have deliberately excluded
from consideration a large number of reports because of: inade-
quacies in their study design, sample population or lack of an ap-
propriate study population, and similar reasons. In the next
section, we shall take note of needed research on the sociocultural
etiology of smoking behavior.

FUTURE ETIOLOGICAL RESEARCH ON SOCIOCULTURAL FACTORS
There are major gaps in our knowledge:

1. There appears to be limited research on social processes
associated with familial and peer group socialization as these

are related to the development and maintenance of smoking behavior.
Studies completed to date suggest the need for dynamic (not static)
studies focusing upon populations-at-risk for this behavior pattern,
utilizing a variety of research strategies.

2. A major research thrust would systematically explore the appar-
ent link between poor academic achievement and failure to rise in
the social order as these relate to the first recommendation and
smoking behavior.

3. A major flaw ‘in current research literature is the relative ab-
sence of theory. With the exception of the personality research
there is little of theoretical import that has guided the vast
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amount of research. If we are to understand this specific behavior
pattern then we must follow the scientific guidelines for all re-
search on human behavior and use established concept and theory,
and perhaps build new conceptual frameworks and theory.

4. There are a number of methodological inadequacies in the current
literature. For example, with the exception of a few Studies, in-
cluding those of the National Clearinghouse on Smoking and Health,
the samples of populations are often biased by virtue of their being
non-random, non-probability “samples.” Secondly, measures of
smoking behavior are not standardized. The benefits of standardi-
zation of measures was recently described by Aday and Anderson (1977)
as follows: “The power to test a particular model or theory would
be greatly enhanced if uniform methods of measuring the relevant
concepts could be developed and data collected on them in a variety
of settings. . .over time .'I Moreover, reliability and validity of
items can be assessed more readily and there are economic benefits.
Clearly, there are occasions, as when studying special population
sub-groups with differential cultural and language problems, when
standardization must be modified.

Another methodological inadequacy concerns the analytical levels of
measurement generally employed in the studies reviewed. With few
exceptions, the studies reviewed for this paper have involved
single variable comparisons between smoking and various other char-
acteristics of the individual and his environment. Naturally, any
endeavor requires preliminary, exploratory research design. How-
ever, without adequate controls on the number of plausible rival
hypotheses, further progress in smoking research will prove to be
elusive. The components of smoking behavior involve a complex
multi-dimensional model, including biological, social, and social
psychological variables. Smoking research is now at the point
where the interaction of these variables must be considered analyt-
ically. What is now needed is the measurement of several such
variables simultaneously.

Finally, the methodological inadequacy of cross-sectional designs
is well-known and with few exceptions (e.g., Clausen, 1968; Srole-
Fischer, 1973), the literature is limited to one-shot studies.
There may be interaction between smoking behavior and personal and
social characteristics, such that measurement of these variables at
some point beyond the initiation of smoking behavior is no guarantee
that all of these characteristics were present at the initiation of
smoking behavior. History and maturation may drastically change
with the passage of time (Campbell and Stanley, 1963). Thus,
prospective study designs are needed. These prospective designs
are difficult to design, manage, and analyze properly. Nevertheless,
if the knowledge base is to be developed beyond its descriptive
level, this is the prescription for success.

5. Smoking behavior research must be accorded higher status by
scientists than at present if we are to uncover the complicated
etiological chain affecting smoking behavior. Raised priority,
increased funding level and other resources are required to
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stimulate the caliber and extent of research required. It would
not be inappropriate to use as a model for the effort the program
initiated into the social epidemiology of drug and alcohol abuse.

Each of these substances now has its own national research insti-
tute . The fact that this Conference is sponsored by the National
Institute on Drug Abuse may signal a change in the appropriate
direction.
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DISCUSSION

Dr. Vogt wanted to brow whether one should not put more money into
advertising than into prospective studies. Dr. Reeder said both
approaches are necessary. Nevertheless, Dr. Jarvik doubts the effi-
cacy of advertising campaigns, even when considering if it makes any
difference whether the campaign is aimed primarily at inducing brand
changes or at proselytizing new smokers.

Dr. Wynder remarked that the tobacco industry devotes much more time
and effort to the smoking problem than does the consuming public.

He went on to state that he agreed that advertising probably makes
very little difference in the amount of smoking which occurs, refer-
ring to the fact that in Communist countries smoking is very preva-
lent without any advertising. Furthermore, in many of the European
countries, such as Italy and France, there is a tobacco monopoly, no
advertising, and yet smoking is quite common. However, in the United
States the anti-smoking advertising on television seemed to be effec-
tive and the loss of that advertising has hurt the anti-smoking forces.

A conference participant asked whether or not the invention of the
birth control pill influenced smoking because the pill was viewed as
a liberating factor, and smoking has been considered a liberating
factor for women. Dr. Green responded that lifestyle was a very im-
portant determining variable - that smoking went with one type of
lifestyle and not with another.

Murray E. Jarvik, M.D.
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Tobacco Use as a Mental Disorder:
The Rediscovery of a Medical Problem

Jerome H. Jaffe, M.D.

INTRODUCTION

In this last quarter of the twentieth century, most people are not
startled to learn that the excessive habitual use of alcohol and
the compulsive use of opiates are listed as diagnostic entities in
both the International Classification of Diseases (ICD #8), and in
the second edition of the American Psychiatric Association’s Diag-
nostic and Statistical Manual (DSM-II). To find these behaviors or
conditions listed suggests that they are viewed, at least by those
who put together these compendia of human afflictions, either as
serious disorders worthy of note and worthy of professional atten-
tion, or at least as disorders which require some designation for
purposes of statistical recording. It is, then, a curious anomaly
that there is, at present, under the heading which covers drug use
and drug dependencies, no listing in either manual for the excess-
ive use of tobacco.

The omission of excessive tobacco use can hardly be attributed to
the rarity of the behavior. At one time, the majority of adult
American males were regular smokers. In many countries more than
40% of adults are still regular cigarette smokers. It is conceiv-
able that the omission of smoking behavior is based on the assum-
tion that while the medical consequences of excessive smoking are
of great significance, the behavior itself is not appropriately
viewed as a drug-using behavior. This might explain its absence
from DSM- Il. One might suppose, then, that excessive tobacco use,
although not grouped with other morbid habits or with drug-using
behaviors, might at least be mentioned or listed somewhere in the
overall classification of ICD; but such a supposition would be in
error. Nowhere in the Tabular List of the International Classi-
fication of Diseases adopted for use in the United States in 1969
(ICDA #8) is there any mention of the substance “tobacco”.
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To test the assumption that a tobacco use syndrome might have been
considered too inconsequential to be included among ‘the mental dis-
orders, we need to look at what behaviors were included. We find
listed in ICDA #8, under the topic of “drug dependence”, dependence
on cannabis (bhang, hashish, marihuana). ‘as well as dependence on
psychostimulants, including not only amphetamine, but also caffeine.
Also included in this section (304.8) is dependence on chloroform
and ether; mention is also made of glue-sniffing.

If we then check for excessive tobacco use under the category of
habits, on the assumption that excessive tobacco use is viewed as
a habit rather than a "drug dependence”, we find in the section
on mental disorders, under the topic of ‘habit-like phenomena”,
listings of eating disturbances (306.5), including both anorexia
nervosa and ‘perverted appetite”, habit spasms, and tics (306.2).
Under ‘behavior disorders of childhood” we find jealousy, tantrums
and truancy (308). But we do not find mention of the possibility
that the smoking of tobacco or the excessive use of tobacco is
worthy of notation, at least in this part of the world compendium
of medical conditions.

Neither was tobacco to be found under “drug intoxications”,
“poisonings”, or under “drug side effects”, for which there are
separate listings. The section labeled ‘Adverse Effects of Chemi-
cal Substances” (960-989) is subdivided into acute effects, aller-
gic reactions, chronic effects, internal chemical bums, and late
effects resulting either from absorption, injection, inhalation,
or ingestion. This category is then further divided into Adverse
Effects of Medical Agents and Adverse Effects of Non-medical
Agents. There is no mention of either nicotine or tobacco.

One might expect to find some mention of tobacco or nicotine or,
perhaps, of “tars” or carbon monoxide under the heading “Toxic Ef-
fects of Substances Chiefly Non-medicinal as to Source”. This sec-
tion includes substances as varied as ethyl alcohol, wood alcohol,
and a variety of petroleum products, acids, and caustic alkalis.
While the listing includes battery acid and starting fluid, drain
cleaners. lye and tetraethyl lead, the only mention of the substance
“nicotine” is found under pesticides (in section 989.3), along

with organonhosphates . There is a section titled “The Toxic Effect
of Carbon Monoxide” (986)) but the idea that the most common mech-
anism by which carbon monoxide is introduced into the body is asso-
ciated with smoking of tobacco did not seem to occur to the compilers
of ICDA #8. There are only four possible sources of carbon monoxide
intoxication suggested: coal gas, motor vehicle exhaust gas, stove
gas, and utility gas.

As a last and most fascinating observation we might note that, under
the heading “Accidental Poisoning by Noxious Foodstuffs and Poison-
ous Plants”, (E868), there is room enough to mention deadly night-
shade, hemlock, noxious fungi, mushrooms, poisonous berries, shell-
fish, and toadstools, but the plant nicotiana tobacum does not appear.

The American Psychiatric Association's Diagnostic and Statistical
Manual, second edition, (DSM-II), does mention tobacco. The word is
found in an exclusionary phrase2\6v3hich describes drug dependence. In



DSM-I11 drug dependence is included under “personality disorders and
certain other non-psychotic mental disorders”, ‘and a drug dependent
person isdescribed as someone addicted to or “dependent on drugs
other than alcohol, tobacco or ordinary caffeine containing bever-
ages.” Alcohol is included in a separate section; caffeine and to-

bacco are not.

Of course, it is possible that such committee-produced documents
developed in the mid-1960's might overlook the importance of ex-
cessive tobacco use as a disorder in its own right, despite the
wide publicity given to high level government reports on the ad-
verse consequences of smoking. One cannot assume merely from the
absence of the entity in a diagnostic manual that the problem was
totally ignored by psychiatry, or medicine in general, or that it
is still being ignored.

One way to test the possibility that psychiatry is more concerned
about the problem of smoking than one might infer from an inspec-
tion of DSM-I11 or ICDA is to examine the textbooks and reference
books commonly used in teaching psychiatry to medical students and
residents. Tobacco use is not mentioned in the indexes nor dis-
cussed in the texts of Kolb's widely used Modern Clinical Psychi-
atry (Eighth Edition, 1973), Ewalt and Farnsworth’s Textbook of
Psychiatry (1963), nor Batchelor's revision of Henderson and
Gillespie’s Textbook of Psychiatry (1969), nor Redlich and Freed-
man’'s Theory and Practice of Psychiatry (1966). Other problems of
drug use are discussed.-

A rapid inspection of the larger reference texts and handbooks
showed that the two volume American Handbook of Psychiatry (Arieti
1959) contained a single paragraph about tobacco smoking as a psy-
chosomatic disease of the respiratory tract. There was no mention
of tobacco smoking or nicotine in the index of the first edition of
The Comprehensive Textbook of Psychiatry (Freedman and Kaplan 1967);
glue-sniffing is discussed in the section on drug abuse. Only in the
last two years have tobacco use and smoking begun to appear in the
multivolume reference texts. Thus, tobacco is mentioned in a pass-
ing comment on drug use in the second edition of The Comprehensive
Textbook of Psychiatry (Freedman et al. 1975). Tobacco is mentioned
(briefly) as a drug used for non-medical purposes in the chapter by
Shick and Freedman, Research on Non-Narcotic Drug Abuse, in Volume
V1 of the American Handbook of Psychiatry (Hamburg and Brodie

1975), and there are scattered references in several chapters in
Volume V (Treatment) of the same series (Freedman and Dyrud 1975))
which indicate that yoga, hypnosis, hypnotherapy, and behavioral
therapy have all been used to treat making.

But, the sum and substance of this brief review is that not one of
the standard works in psychiatry treats the problem of tobacco use
as seriously as the problem of glue-sniffing. This attitude may be
changing rapidly, but it may be of some interest to ask how and
why psychiatry, which seems to to have retained an interest in other
drug using behaviors, maintained such an indifference with respect
to tobacco use.
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THE HISTORY OF TOBACCO USE AS A DISORDER

It is not certain who first made the observation that some people
who begin to use tobacco eventually seem unable to stop using it,
or who first drew the conclusion: that tobacco use ‘induces some
change in the user's ability to control his or her own behavior
with respect to the substance. According to an early history of
smoking (Corti 1932), one of the first ‘Europeans to comment on this
aspect of tobacco use was Bishop Bartolome de las Casas, a mission-
ary who accompanied the Spanish to the Americas. In 1527, de las
Casas described the way in which the Indians sucked in the smoke
from a burning bundle of dried leaves, or “tobacos”, and apparently
experienced a sense of drowsy intoxication that was accompanied by
a decrease in fatigue. He then noted that the use of these “taba-
cos” had

been adopted also by the settlers in this region.

I have seen many Spaniards in the island of His-
paniola who use them, and who, when reproached

for such a disgusting habit, replied that they
found it impossible to give it up. I cannot under-
stand what enjoyment or advantage they &rive from
it (de las Casas, in Corti 1932, p. 42-43).

It is difficult to know how to interpret a statement to one’s
Bishop that a behavior of which he disapproves is beyond one's con-
trol. However, there is at least the possibility that some of these
early smokers exhibited a behavior which we might describe, using
present day terminology, as a form of drug dependence or addiction.
The similarities between the use of tobacco and the use of alcohol
were noted, in fact, soon after the introduction of tobacco into
Europe. One of those who wrote about tobacco use soon after its use
had become customary in England was King James I, who observed:
. many in this kingdome have had such a continuall
use of taking this onsavorie smoke, as now they are
not able to forbeare the same, no more than an olde
drunkard can abide to be long sober, without falling
into an uncurable weakness and evill constitution . . .
(King James I, A Counterblaste to Tobacco, 1604,
quoted in Corti 1932, p. 80).

King James further believed that drunkenness:

was the root of all the vices and among its evil
consequences was an unquenchable &sire for tobacco.
Now just as hardly anyone succumbs to the vice of
drinking on his first visit to the tavern . . . but
yields gradually to the lure of intemperance, till,
after ‘a long course of bestial indulgence. he comes’
to rejoice in his servitude, so the smoker at first
hesitates between his liking for the reek of tobacco
and his natural shrinking from so unnatural a habit,
but soon become so obstinately addicted to it that
he would sacrifice every pleasure in life rather
than give it up . . . (king James cited by Corti 1932,
p. 80-81).
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Writing at about the same time, Sir Francis Bacon said:

In our time the use of tobacco is growing
greatly and conquers men with a certain secret
pleasure, so that those who have once become
accustomed thereto can later hardly be res-
trained therefrom (Bacon, Historia vitae et
mortis, quoted in Corti 1932, p. 94).

Tobacco use increased despite such observations, and it is clear
from certain writings that the notion of tobacco use as a behavior
analogous to alcoholism and opiate use was still to be found among
members of the medical orofession more than 200 years later. In 1853
a prize was offered for' the ‘best tract” on "The Physical and Moral
Effects of the Use of Tobacco as a Luxury”, and the three prize win-
ning essays were published as a monograph. One physician respondent
wrote:

Most emphatically does tobacco enslave its vot-

aries . . . It is the uniform testimony of those

who have attempted to emancipate themselves from

their attachment and bondage to tobacco, that to

break the chains in which they are bound, re-

quires the sternest efforts of reason, conscience,

and the will (Harris 1853, p. 21).

“The slave of tobacco”, wrote another,

is seldom found reclaimable . . . I Know full well
the difficulty of reclaiming the drunkard. But
the tobacco drunkard is still less hopeful. |
have, indeed, in the course of the last quarter
of a century, met with instances of entire eman-
cipation, but they have been few and far between
(Alcott 1853, p. 23).

In evaluating the significance of these comments, we need to keep in
mind that the prizes were offered by a group within the temperance
movement in the United States, and that at the time the essays were
written alcoholics were still called “drunkards” and the behavior
was seen as being a moral problem more than a medical one.

Perhaps a reaction to such moralistic attacks on smoking was to be
expected, and between World War | and World War 11, a dramatic change
took place. Whether the attitude of medicine played a role in this
change is uncertain, but in 1922, A. A. Brill, one of the pioneers of
the psychoanalytic movement made the statement that:

one is justified in looking with suspicion on the
abstainer; most of the fanatical opponents of to-
bacco that I have known were all bad neurotics
(Brill, cited by Tamerin and Eisinger, 1972, p.
1224).

Writing in 1924, the German pharmacologist, Louis Lewin (called by
some “the father of psychopharmacology”), said of tobacco:
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It must be pointed out that the attraction of
tobacco is not exercised with that vigour and
inexorable constraint which we have remarked
in the case of the narcotic substances . . .

If the use of tobacco has to be stopped for
medical or other reasons, no suffering of the
body or morbid desire for the drug appears.
The consumption of tobacco is an enjoyment
which man is free to renounce, and when he in-
dulges in it he experiences its benevolent ef-
fects on his spiritual life . . . Smoking does
not call forth an exaltation of internal well
being as does the use of wine, but it adjusts
the working condition of the mind and the dis-
psoition of many mentally active persons to a
kind of serenity or “quietism” during which
the activity of thought is in no way disturbed
. . . (Lewin 1924, p. 310, 1964 edition).

It is also well known that inveterate smo-
kers are not exempt from the symptoms of acute
intoxication if they overpass the limit of tol-
eration. It is, moreover common knowledge that
the use of tobacco for smoking and chewing does
not necessitate a progressive increase of the
dose as in the case in other toxic substances
and that the symptoms due to withdrawal of to-
bacco, if they occur at all, are easily over-
come. These latter consist of an extreme feel-
ing of discomfort and, eventually bad humour and
dejection. It is very exceptionally that gra-
ver symptoms occur (lbid, p. 313).

In 1926, Sir Humphrey Rolleston, who chaired the committee which es-
tablished the British practice of having the medical profession pro-
vi& drugs for individuals addicted to opiates, summed up the issue
of smoking as an addiction by observing that:

This question turns on the meaning attached to
the word “addiction” and may therefore be a
verbal problem. The Ministry of Health’s Depart-
mental Committee on Morphine and Heroin Addiction
(1926) defined an addict as “a person who, not
requiring the continued use of a drug for the re-
lief of the symptoms of organic disease, has ac-
quired, as a result of repeated administration,
an overpowering desire for its continuance, and
in whom withdrawal of the drug leads to definite
symptoms of mental or physical distress or dis-
order " That smoking produces a craving for
more when an attempt is made to, give itup . . .

is undoubted, but it can seldom be accurately
described as overpowering, and the effects of

its withdrawal, though ‘there may be definite
restlessness and instability; cannot be compared
with the physical distress caused by withdrawal
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in morphine addicts. To regard tobacco as a
drug of addiction may be all very well in a
humorous sense, but it is hardly accurate (Rol-
leston 1926, p. 963).

One might have assumed that Freud's compulsive cigar smoking would
have generated considerable interest among psychiatrists. Instead,
there appears to have been a prolonged period of relative disinter-
est, despite the obvious concern of psychiatry with other forms of.
excessive drug use. One of the few exceptions was Bergler's (1946)
paper on compulsive smoking, in which he tried to separate normal
smoking from excessive use and compulsive use. (On the basis of five
cases seen in psychoanalysis, Bergler concluded that compulsive
smokers were "psychic masochists”).

It would be inappropriate, however, to conclude that no one was in-
terested in smoking as a disorder. There were, in fact, hundreds of
papers on tobacco use and smoking written over this period of time.
These are ably summarized in the classic reviews of Larson et al. 1961,
and Larson and Silvette 1968, 1971. The point to be noted here, how-
ever, is that those who made the decisions about what is and what is
not a serious disorder or a problem of drug dependence continued to
view smoking, even heavy smoking, as a phenomenon to be sharply sep-
arated from excessive use of alcohol or opiates. For example, prior
to 1973, the prestigious World Health Organization Expert Committee

on Problems of Drug Dependence consistently omitted mention of tobacco,
use as a problem in discussions of other forms of drug dependence. It
may be that the close articulation between the actions of such groups
and the legal restriction on the drugs they discussed led them to be-
lieve that the inclusion of tobacco as a substance to which dependence
could develop might weaken recommendations for controlling other sub-
stances. But it is also possible that they fervently believed that
there was a very sharp distinction between tobacco use and other drug-
using behaviors. Thus, the late Dr. Maurice Seevers, one of the giants
in the field of pharmacological research on drug dependence, and a
major force on the WHO Expert Committee, took the position that “by no
stretch of the imagination can either nicotine or caffeine conform to
any accepted definition of addiction” (Seevers 1962). It is likely
that Seevers was greatly influenced by an incredibly laborious experi-
ment on nicotine dependence which was carried out in his own labora-
tories, but was never reported in any archival journal. In a discus-
sion at a symposium in 1968, in which he was describing the failure of
certain drugs to induce physical dependence, Seevers commented:

If nicotine is given to the monkey intraven-
ously every hour in a dose of 2 mg per kg for
a total of 48 mg per kg intravenously over a
period of 24 hours for as long as 2 months,
no evidence whatsoever of physical dependence
or any evidence of excitability is observed
when this drug is withdrawn (Seevers: 1968).

In its landmark 1964 report, Smoking and Health, the Advisory Commi-
ttee to the U.S. Surgeon General leaned heavily on the absence of any
findings of physical dependence on tobacco in adopting the position of
the WHO Expert Committee on Drug Dependence that tobacco was not
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appropriately viewed as a dependence-producing substance. Another
issue which may have played a role in perpetuating the position that
tobacco use was ‘distinct from other drug-using behaviors was the be-
lief expressed by some experts on Smoking that one of the factors
which may inhibit people who want to stop smoking from doing so is an
overestimation of the difficulty in stopping. From such a viewpoint,
to include smoking with other drug dependencies might inhibit some
people from starting to smoke, but might also make many smokers hesi-
tant to try stopping.

Just as it is not clear how tobacco use came to be excluded from dis-
cussions of drug dependence, it is difficult to point to any one event.
or paper, or statement that-led to the effort to reassess its status. .
In 1961, Larson, Silvette and Haag published their classic review,
Tobacco. In 1963, Knapp and his co-workers published a paper in the
American Journal of Psychiatry on the addictive aspects of heavy smo-
king and pointed out several psychological and physiological with-
drawal phenomena. In 1965. W. Russell Brain. in writing on drug ad-
diction; expressed the view that tobacco and alcohol were both drugs
of dependence. In the third edition of Goodman and Gilman’s The Phar-
macological Basis of Therapeutics, mention of tobacco as a form of
compulsive drug use was included in the chapter, “Drug Abuse and Drug
Addiction” (Jaffe 1965). In the fourth edition of that text, the ab-
sence of public perception of tobacco as an addiction, in the face of
everyday examples of the compulsive use of tobacco, was referred to as
an illustration of the inconsistency in our use of terms such as “ad-
diction” and “dependence” (Jaffe 1970). Ulett and Itil (1969) pub-
lished their observations on changes in the electroencephalogram dur-
ing smoking deprivation. Russell’'s paper on tobacco use as a form of
dependence was published in 1971 and subsequently was introduced to a
wide public by Brecher, who quoted from it -liberally in Licit and IlI-
licit Drugs (Brecher 1972). By 1972. the .National Commission of Mari-
huana and Drug Abuse had been obliged to deal with tobacco in its com-
prehensive report, Drug use in America; and in 1973 and 1974, expert
committees of the WHO made the following comments on tobacco, which,
while still hesitant, are in striking contrast to the previous views
of Dr. Seevers. Tobacco, they state is:

clearly a dependence-producing substance with
a capacity to cause physical harm to the user,
and its use is so widespread as to constitute
a public health problem (WHO 1973).

However, these committees go on to say that tobacco produces:

relatively little stimulation ‘or depression of
the central nervous system, or disturbances in
perception, mood, thinking, behaviour, or motor
function. Any such psychotoxic effects produced
by tobacco, even when it is used in large amounts,
are slight compared with those of the types of
dependence-producing drugs listed above. It is
for this reason that dependence on tobacco -
perhaps the most widespread form of drug depen-
dence - is not given specific attention in this
report (WHO 1974). 200



PRESENT STATUS OF TOBACCO USE DISORDER

In the absence of sinister forces working against such an eventuality,
it was inevitable that the question of tobacco use, per se, as a dis-
order would arise among those charged with the perio

the ICD and DSM. By 1975, the decision had been made to. include to-
bacco use in the Ninth Edition of the ICD, in the section on mental
disorders. But even in the process of doing so, society’s peculiar
ambivalence about tobacco has made itself apparent. In ICD #9 draft,
304, “drug dependence” is-briefly defined in the standard manner ‘as:

A state, psychic and sometimes also physical, re-
sulting from taking a drug characterized by be-
havioural and other responses that always in-
clude a compulsion to take a drug on a contin-
uous or periodic basis in order to experience

its psychic effects, and sometimes to avoid the
discomfort of its absence. Tolerance may or may
not be present. A person may be dependent on
more than one drug.

Included here are dependence of the morphine type, barbiturate type,
cannabis, LSD, absinthe and glue-sniffing. But there is a specific
note which states that tobacco dependence is excluded. Tobacco de-
pendence is included under a separate section titled “non-dependent
abuse of drugs” ( 305), for which the following definition is offered:

[This] Includes cases where a person, for whom no
other diagnosis is possible, has come under medi-
cal care because of-the maladaptive effect of a
drug on which he is not dependent (as defined in
304) and that he has taken-on his own initiative

to the detriment of his health or social functioning.

Tobacco dependence is specifically listed as 305.1, with the follow-
ing, somewhat self-contradictory statement:

[This includes] cases in which tobacco was used to
the detriment of a person’s health or social func-
tioning or in which there is tobacco dependence.
Dependence is included here rather than under 304
because tobacco differs from other drugs of depen-
dence in its psychotoxic effects.

It seems that the ICD is now willing to include tobacco use as a
problem worthy of notation for statistical purposes; it is not clear
whether there is a willingness to acknowledge its tendency to pro-
duce dependence. It is obvious that a distinct separation is sug-
gested between tobacco and other commonly used drugs which lead to
dependence.

By 1975 it had become evident that the forthcoming revision of the

American Psychiatric Association’s Diagnostic and Statistical Manual,
DSM-I111, could not continue to ignore excessive or compulsive tobacco
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using behavior. Therefore,” the’ problem was considered. by the Ad-
visory Committee on Drug Use’' Disorders to. the ‘Task ‘Force on Nomen-
clature and Statistics of the APA. -The decision to include some
forms of tobacco use- in DSM-IIl was far less difficult than the. pro-
blems of where to include them and how to differentiate those varie-
ties of tobacco use that do not represent “mental disorders” from
those that do.

After considering the criteria used for defining other drug use dis-
orders, as well as other habits and compulsions, the committee agreed
that when a smoker expresses concern and distress about his or her
inability to control tobacco-using behavior (usually cigarette
smoking), then this, in itself, is a sufficient criterion to estab-
lish the diagnosis of a tobacco use disorder. There was considerable
controversy, however, about whether even heavy smoking could be pro-
perly viewed as a mental disorder if, despite the medical risks, the
smoker states that he or she is satisfied to be a smoker, since, un-
like the ingestion of alcohol, tobacco use does not produce obvious
disability or impairment of mental function. Over the short run,
smoking usually causes neither distress nor disability. In this
sense, chronic use of tobacco is not equivalent to a state of chronic
intoxication. In short, the same issues that concerned Rolleston and
Seevers and the World Health Organization Expert Committee on Drug
Dependence were still unresolved.

That heavy smoking predisposes to a wide variety of somatic diseases

is no longer seriously contested. (The serious adverse effects of
smoking on health have been discussed at length elsewhere.) However,
the Advisory Committee to DSM-III believed that a behavior that merely
predisposes to other medical illnesses is not necessarily, in and of
itself, a disease or a disorder. The logic of this position is unas-
sailable. We certainly would not want to consider skiing as a mental
disorder, although it clearly raises the likelihood of developing
several well-defined orthopedic disorders. Risk taking, per se, is not
a mental disorder.

Thus, in the meetings of the Advisory Committee to consider the inclu-
sion of tobacco use in DSM-III it was argued that tobacco, even heavy
tobacco use, is a disorder only if and when it meets additional cri-
teria. In this sense, the Americans who worked on DSM-I11 seemed to
agree in part with the compilers of ICD about the appropriateness of
separating tobacco use from the use of drugs ,like alcohol or opiates.
One such additional criterion was that the user should express concern
or distress at the inability to stop. The difficult question was how
to view the user who denied such concern.

One line of reasoning suggested that we follow the precedent used for
drugs such as alcohol and opiates and consider that whenever tobacco
use is associated with physical dependence on tobacco, the behavior
leading to this state should be viewed as a disorder. The rationale
was that dependence (the need to take the substance to avoid with-
drawal) represents an organismic dysfunction. In this sense, it is not
necessary for the individual to express concern or dissatisfaction with
the state of physical dependence, any more than an alcoholic need ex-
press dissatisfaction with physical dependence on alcohol in order to
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be viewed as having a behavioral or mental disorder.

However, major problems arise when this proposed criterion is ex-
amined further. Conditions orbehaviors are not generally regarded
as mental disorders if there is widespread social support for re-
garding the conditions as “normal”. As has been pointed out in other
papers, ‘physical dependence on nicotine appears to be variable in its
intensity, but it is probably present to some degree in all smokers
who consume a pack or more of medium to high nicotine cigarettes per
day. Because this is so, subclinical withdrawal phenomena, experi-
enced by the smoker as restlessness, increased irritability, decre-
ased capacity to concentrate, and a need for a cigarette, probably
have their onset, in many smokers, within an hour or two after the
last cigarette, a time course consistent with the very short (20-30
minutes) biological half -life’ of nicotine. Society does not at pre-
sent regard these subclinical withdrawal phenomena as signs of “ill-
ness”. Furthermore, since tobacco is so readily available, more sev-
ere withdrawal phenomena usually occur only if the user decides to
stop or because of external circumstances (such as illness) is forced
to do so. Even when severe withdrawal phenomena do occur - irrita-
bility, inability to concentrate, drowsiness, etc. - society generally
has taken the view that such signs and symptoms are “normal” and to be
expected under the circumstances. While tremulousness following abrupt
withdrawal of alcohol, or autonomic disturbances from withdrawal of
opiates are equally to be expected under the circumstances, they are,
for some reason, not regarded as equally “normal under the circum-
stances” and are viewed as representing signs of illness. While it
may be true that for the overwhelming majority of smokers tobacco
withdrawal is not as disabling as withdrawal from alcohol or opioids.
and while there are no known deaths from nicotine withdrawal symptoms,
the tendency to define nicotine dependence as essentially inconse-
guential for all smokers is probably not well grounded in clinical
observations. Nevertheless, the prevailing attitude is that smoking
can be discontinued without any serious adverse effects. In this in-
stance transient discomfort and distress are simply dismissed.

However, even if society as a whole were to accept the view that the
repetitive seeking of tobacco involves some element of physical de-
pendence and the behavior is, therefore, the manifestation of a dis-
order, it is quite likely that the average smoker who is not exper-
iencing tobacco-related medical problems would simply reject the la-
bel that would be thrust ‘upon him or her.

In short, the use of strict physiological criteria to separate the
occasional use of tobacco from a tobacco use disorder was rejected
by the subcommittee of DSM-III because society would reject such a
definition, smokers would reject such a definition, and-because the
subtler manifestations of physical dependence are too difficult to
define. This reasoning also contributed to the decision to use the
term “tobacco use disorder”, rather than “tobacco dependence”, in

DSM-III.

All of these considerations went into the decision to develop criteria
for tobacco use disorder which differed from those applied to the use
of other drugs, such as alcohol or opioids; where the regular use of
high doses directly causes behavioral and social disability. Under
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the criteria finally developed for DSM-III, Tobacco Use Disorder
would exist when:

1) The patient experiences distress at the need to
repeatedly use tobacco ; or

2) Both (a) and (b) :

(@ In the judgment of the diagnostician, the indivi-
dual manifests a serious medical disorder in which
tobacco smoking is a significant etiological or

exacerbating factor; and

(b) There is evidence of current physiological de-
pendence on tobacco or nicotine either by the
presence of the tobacco withdrawal syndrome or
by the daily intake of nicotine of sufficient
magnitude that the diagnostician judges that
the withdrawal syndrome would ensue if the in-
take of tobacco stopped for more than 24 hours.

We recognize that these criteria lead to certain unusual inconsisten-
cies . For example, an individual who is a heavy smoker and who has
no tobacco-related medical problems may deny concern about smoking.
That individual, at that moment, does not have Tobacco Use Disorder.
Should the same individual exhibit concern about an inability to stop
smoking, the behavior would meet the criteria for a disorder. Denials
of concern by individuals dependent on alcohol or opiates are disre-
garded in the diagnosis of alcoholism or opiate addiction because of
the direct association of high doses or dependence with disability.
Indeed, denial is often viewed as a hallmark of drug dependence prob-
lems. Under the criteria to be used in DSM-III there will be many
heavy smokers who are obviously physiologically dependent on tobacco
but who deny concern or interest in cessation and who will not be
diagnosed as having Tobacco Use Disorder.

However, on the basis of current medical knowledge, the individual
with peripheral arterial disease who is experiencing pain on exercise
or other disability, and is seen as being physically dependent on nic-
otine but who is unable or refuses to follow a directive to cease smo-
king, will have the Tobacco Use Disorder - a mental disorder - regard-
less of whether that individual expresses concern about smoking or con-
cedes the connection between the smoking and the disease. There is,
of course, a very fine line separating this position from one in which
failure to comply with medical advice could constitute a mental dis-
order. The use of this second criterion is based on the analogy with
other forms of drug dependence in which it is-implied that if an in-
dividual with a drug related medical problem (e.g., cirrhosis) were
not drug dependent, both the drug using behavior and the expressed
concern would be different.

The criteria used here do have the advantage of allowing us to deal
with the advent of very low tar, low nicotine cigarettes which are
believed to pose a much reduced probability of ‘inducing medical ill-
nesses (see Gori 1976). The use of such cigarettes will obviously af-
fect both the’ user’s perception of the importance of, stopping the use
of tobacco, and the likelihood that smoking-related diseases will dev-
elop. Such individuals may develop mild physical dependence on
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nicotine, but may also incur a much reduced risk and may deny any
serious concern about their behavior. Under the criteria proposed,
such smokers do not have a mental disorder.

This attempt at developing operational criteria for Tobacco Use Dis-
order encountered some criticisms, some of which indicated unfamili-
arity or misperception of the rationale for developing diagnostic
categories in the first place. For example, one psychiatrist (who
hastened to identify himself as a user of tobacco) assumed that the
inclusion of an entity within DSM-I11 was tantamount to suggesting
that the treatment of such an entity ought to be covered by health in:
surance, or that those who had such a disorder ought to be treated by
members of the medical profession and to be hospitalized if necessary
(see Proctor .1977). There is, of course, no necessary or invariable
relationship between a given diagnostic entity and the determination
that the entity justifies some help or intervention, nor who should
provide such help, nor how the costs of such help should be handled.
To define a mental disorder does not imply the need for a psychiatrist
nor that society should assume the costs of intervention.

Although in presenting these criteria for Tobacco Use Disorder we have
not used the terms “addiction” or “compulsive drug-using behavior”,

it is common knowledge that, for some individuals, the involvement
with and need for tobacco smoking appears to be every bit as intense
and difficult to control as other drugs of addiction or dependence.
We cannot tell whether the inclusion of Tobacco Use Disorder in DSM-III
will have any positive impact on cigarette smokers or society. It may
not even have any impact on psychiatrists. But, it is at least some
small satisfaction to be able to say that 400 years after Bishop Bar-
tolome de las Casas first wrote about the peculiar behavioral syndrome
associated with tobacco use, the medical profession now also acknow-
ledges its existence,
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Etiology: Session Overview

Murray E. Jarvik, MD., Ph.D.

Dr. Russell mentioned the recently published Royal College of Physi-
cians ' Third Report, in which tobacco was considered’ to produce a

high dependency. He quoted evidence that London opiate addicts rated
tobacco as their most needed drug. He also cited Lee Robins’ study,
which showed that Vietnam opioid addicts withdraw from heroin as
easily, if not more easily, than tobacco addicts withdrew from tobacco.
Dr. Jaffe commented on the fact that tobacco use has not been consid-
ered as a psychiatric disorder, and that there are probably not more
than a half dozen psychiatric papers written on smoking. ~Sometimes
smokers anthropomorphize cigarettes, attributing to them qualities

of human beings, talking to them, saying such things as “l hate to give
you up”. For these smokers, it may be as difficult to give up smoking
as any other love object.

Dr. Green pointed out that in 1967, psychiatrists and pediatricians
had the highest incidence of smoking, but in the most recent survey,
the differences between specialties seemed to be gone.

It was asked whether psychiatric texts are not often reflections
and reinforcements of the values of the status quo. Dr. Jaffe re-
plied that when something is sufficiently deviant, and when there

is pressure on people to experience the deviance as ego-syntonic,
then they feel guilty and ashamed of it. When you define a syndrome
as a disorder, it may actually cause distress. Under such circum-
stances, people will come in seeking help to get rid of their
deviant status.

Dr. Jaffe went on to say that smoking causes a productivity loss in
terms of illness and early demise in its users, and that this can have
a deleterious effect upon society as a whole. The point was raised
concerning the relevance of delayed disability or delayed impact. Dr.
Jaffe pointed out that anything more than four years away is consid-
ered a delay.

Ransom Arthur wondered whether one drug ever displaces another, or is
the effect merely additive. Dr. Jaffe indicated that they are all
additive and that alcoholics, for example, are much heavier users of
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tobacco than non-alcoholics. Marijuana seems to be an exception in
that there now seem to be heavy marijuana smokers who are not to-
bacco smokers. But for most other illicit drugs, i.e., opiates and
alcohol, the incidence of tobacco smoking is extremely high. Dr.
Arthur remarked on how the zeitgeist changes: twenty-five or thirty
years ago smoking was not considered an important enough problem to
even discuss, whereas, today it deserves examination by psychiatrists.
If smoking is considered a disorder in the DSM-III, then it may be
that third party payments will become available for the treatment
of this disorder. Obviously, a good deal of political action will
be necessary before such an economic change comes to pass.
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SECTION Ill: CONSEQUENCES
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The Economic Costs of Smoking-
Induced lliness

Bryan R. Lute, M.S.P.H, MBA, and
Stuart O. Schweitzer, PhD.

INTRODUCTION

Although speculation regarding the effects of smoking dates back
to the sixteenth century, when tobacco was introduced to the Old
World, clinical and epidemiological investigation has positively
linked smoking with specific illness and death only within this
century. The economic effects of smoking have been relatively
neglected, however. This report is intended to shed additional
light on them.

The calculation of the costs of smoking is most important, not
only because of the nation’'s present preoccupation with health
care costs in general but also because of political decisions
that are being made daily in both public and private sectors
concerning the allocation of resources, including specifically
government regulation, health education, and the role of health
prevention. Anti-Smoking advertising, for example, can be justi-
fied only by assuming that the benefits of the campaign outweigh
the costs of the operation. But decisions can be made more
rationally if we know (1) the actual costs of smoking, and (2)
both the costs and the effectiveness of different methods of
intervention.

COST OF DISEASE CONSIDERATIONS

Both direct and indirect health care costs are included in the
economic impact of smoking. Direct costs are those associated
with the prevention, detection, and treatment of illnesses attri-
butable to smoking. Indirect costs are earnings lost through
morbidity and mortality; consequently, they measure the value
society places on an individual's contribution to the economy.
But the less obvious considerations, such as smoking-caused fires
with their direct and indirect health care and property costs,
operational expenditures of anti-smoking organizations, and cost
of purchasing cigarettes, etc., must be taken into account as
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well. The sum of these disadvantages must be weighed in turn
against the definite benefits, such as tax revenues, and the
possible benefits, such as lowered anxiety levels in the smoking
population and the health implications of associated weight loss.

Although estimating these costs is conceptually simple, most of
the relationships have never been adequately defined. In fact,
very little information is available concerning health care
utilization that is directly attributable to smoking, since most
of the research to date has merely linked smoking habits with
particular diseases, correlated death with smoking, or isolated
causative agents (e.g., carcinogens) within the smoke.

REVIEW OF THE LITERATURE

The literature linking smoking to disease is well known.. It might
be helpful, however, to acknowledge some of the more important
works. The Surgeon General’s report of 1964 made the smoking-
health controversy a public issue by correlating the higher death
rates by various diseases with differing smoking habits, and by
linking smoking with bronchopulmonary disease.

Since 1964, the literature periodically compiled by sources such

as the U.S. Public Health Service in its The Health Consequences

of Smoking (1965) and the Royal College of Physicians’ Smoking and
Health Now (1971) has linked a rather significant roster of
conditions to smoking (Med. J. Australia - Special Supplement 1975):

1. Cardiovascular disease
2. Chronic obstructive bronchopulmonary disease
3. Cancer
a. lung
b. larynx
c. oral cavity
d. esophagus
e. urinary bladder
f. pancreas
4. Pregnancy complications
a. decreased fertility
b. increased spontaneous abortions
c. increased still-births
Peptic ulcer
Infancy respiratory disease
Oral disease (noncancerous)
Accidents
a. fire
b. automobiles

© oo

Unfortunately,. most of these studies do not lend themselves to
generalized economic analysis. Instead of reporting that a
specified portion of Disease X is believed to be caused by
smoking, the results are usually couched in terms such as:
“Males who are heavy smokers and are between the ages of 30 and
45 are Y times more likely to develop Disease X.”
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Several studies have linked increased health care utilization to
smoking status, but the results do not lend themselves to direct
economic analysis (Ashford 1973; Cakes et al. 1974). Still other
authors have attempted to estimate the economic health costs of
smoking, but their figures are in need of updating and refining.
Soper (1972) estimates that the total economic health cost of
smoking (medical care, lost income, and property loss due to fires)
in 1966 was $5.3 billion, but his figures were based on an earlier
Canadian study, and were determined by such crude measures as the
CNT ratio of Canada to that of the United States,

Williams and Justus (1974) estimate that the 1970 health costs
attributable to smoking are $4.23 billion. However, they derive
their figure from a 1958 source that states that the total cost of
respiratory disease in the United States was $2 billion (Ridker
1967), which they had to inflate to 1970. They then apply it to a
"best estimate" from yet another Canadian study which states that
70 percent of chronic bronchitis and emphysema is due to smoking
(Bates 1967).

Walker (1974) editorialized: "It has been estimated that $11.5
billion is spent annually in the United States for health care
costs resulting from cigarette smoking." His source was a one-
paragraph item in American Medical News (1974) attributing the
statement to a physician addressing the American Lung Association.

Clearly the range of estimates and the imprecise analytical basis
justify a need for better health cost estimates associated with
smoking.

METHODOLOGY AND RESULTS

In an authoritative article, Cooper and Rice (1976) have published
economic cost of disease data disaggregated into 16 diagnostic
categories. Their analysis includes both direct and indirect
costs, together with an in-depth explanation as to how these costs
were derived. Table | is extracted from this study to present the
costs of the major disease categories associated with smoking.

TABLE I*

Total economic costs of selected diseases: estimated direct costs
indirect costs of morbidity and mortality, with present value of
lifetime earnings discounted at 4 percent, by diagnosis, 1972.

(in millions)

Diagnostic Total Direct Indirect Costs

Category costs costs Morbidity Mortality
$17,367 $ 3,872 $ 862 $12,633
40,060 10,919 6,417 22,724
16,454 5,931 7,089 3,434
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Boden (1976) reports figures from the working papers of the NIH

Task Force on Prevention in Environmental Health (1976) that. estimate
the percentage of major’ disease. categories’ due to environmental pro-
blems, including smoking. Fortunately, his disease categories para-
llel those of Cooper and Rice. Table Il presents these estimates.

TABLE II?

Smoking Factors of Major Health Problems

Disease ‘Estimated Smoking Factor
Neoplasms 20.0%
Circulatory System 25.0
Respiratory System 40.0
Accidents " (fires only) 1.13

To determine the economic health costs attributable to smoking, the
total economic costs (Table 1) are multiplied by the corresponding
estimated smoking factor (Table I1). Table Ill presents the results,
inflated to the 1975 prices, and includes the cost of property fires
caused by smoking (Med. J. Australia - Special Supplement 1975). The
total direct cost of smoking is thereby estimated at $7.5 billion,
which is a approximately 7.9 percent of all direct health care costs in
the nation.” The total (direct and indirect) smoking related economic
cost of these diseases is $25.9 billion. This is an even larger pro-
portion (11.3%) of the total cost of all diseases, probably due to
extended morbidity and high mortality of the particular diseases con-
sidered (cancer, cardiovascular, respiratory).

TABLE IlI

Total economic costs of smoking : estimated direct costs, indirect

costs of morbidity and mortality, with present value of lifetime

earnings discounted at 4 percent, by diagnosis, 1975.
(in_millions)

Diagnostic Direc;[ Indirect Costs® Property

Category Costs Morbidity Mortality Costs Total
Diseases:
Neoplasms |$ 9835 $ 2189 $ 3,2088 -~~~ $ 4,411.2
Circulatory | 3,466.8 2,037.4 7,213.9 ----- 12,718.1
system
Respiratory 3,012.9 3,601.2 1,744.5 ----- 8,358.6
system

Accidents:
Fires 43.9 33.3 151.6 $166.86 395.6
Total $7,507.1 $5,890.8 $12,318.8 $166.8 $25,883.5
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A. Other health related costs

As mentioned earlier, there are other costs of smoking that should
be considered, such as those associated with diseases of lesser
economic significance (e.g., noncancerous oral diseases) or diseases
in which cigarette smoking has a relatively small impact (e.g.,
peptic ulcer). These estimates are not yet available. Neverthe-
less their aggregate would no doubt be significant, and our
estimates are correspondingly understated.

B. Tobacco and GNP costs®

Not to be neglected in the economic analysis of smoking is the
cost of tobacco and its associated taxes. In 1975, tobacco
accounted for 4.6 percent of the value of all crops sold in the
United States (U.S. Dept. of Agriculture 1976). Cigarette
smokers smoked an incredible total of 607 billion cigarettes
annually, which is an average of 4,121 (206 packs) per adult
(18 years and older). American smokers paid $15.7 billion for
all tobacco products ($14.4 billion for cigarettes) and of this,
$5.8 billion was collected as taxes by all levels of government.
If the estimated number of smokers were 60 million, as is
reported by the National Cancer Institute (1976), then each

smoker spent, on the average, $240 a year on 506 packs of
cigarettes.

The net GNP effect is the total of (a) all direct and indirect

health costs, (b) fire damage, and (c) tobacco sales. Table IV
shows this total to be $41.5 billion, which is approximately 2.5
percent of the GNP, an average of $692 per smoker per year.

TABLE IV

Total Costs of Smoking and Tobacco, 1975
(in millions)

Direct health care costs . . . . . . . . . $ 7,507.1
Fire property damage . . . . . . . . . .. 166.8
Lost earnings . . . . . . . . . . . . .. 18,209.6
Cost of tobacco (retail) . . . . . . . . . _15,660.0

Total . . . . . . . . . .. .. ... $415435

Smoking results in a major drain of the nation’s economic resources
regarding both direct health care costs and those costs associated
with lost earnings due to sickness and death. Other costs that
are considered are those associated with smoking-caused building
fires and the purchase of tobacco products. In the absence of
smoking, these resources would be reallocated to other sectors of
the economy, and there would be more healthy individuals to share
the respective benefits.
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Although the cost of illness computations of Cooper and Rice are
generally considered authoritative, the reader is cautioned that
direct application of these estimates to calculate the costs of
smoking is difficult .because the proportions of each illness
which are attributed to smoking (i.e., Table II) have only been
roughly estimated by the NIH Task Force on Prevention in Environ-
mental Health, and have not been produced by rigorous analysis of
empirical data. Consequently, empirical research is needed to
improve these estimates and other research is needed to determine
the costs and effectiveness of differing anti-smoking techniques.
Once this information is available, it can be related to similar
data pertaining to other health problems. Only then can rational
decisions be made concerning the distribution of health resources
within a program for the prevention of disease. The fact remains,
however, that on the basis of methods delineated here, smoking
related diseases cost the nation $25.9 billion annually and account
for 11.3% of the total economic cost of all diseases.

FOOTNOTES
1. Extracted from Cooper and Rice, p. 31.
2. Extracted from Boden, p. 469.

3. Estimated from the National Fire Protection Association,
Fire Journal, Nov. 1976.

4. Inflating 1972 figures from Cooper and Rice, p. 31, by the
increase of the medical care component of the CPI.

5. Inflating 1972 figures from Cooper and Rice, p. 31, by the
increase in GNP implicit price deflator.

6. Data from the National Fire Protection Association estimates.

7. Cooper and Rice exclude some costs such as administration,
public health, research, etc., which cannot or should not
be allocated to disease categories.

8. Tobacco information, unless otherwise noted, is extracted
from Tobacco Situation, Dec. 1976, a USDA quarterly publication.
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DISCUSSION

These figures are all derived from secondary sources. Their accuracy
is not certain since they are an update of a previous study done in
the Sixties. The cost data were developed for the Commission on
Heart Disease, Cancer and Stroke, although they are more refined here,
and they were collected by Rice and Cooper.

It would be easy to calculate attributable risk for those cancers
that are related to smoking using data from the third national cancer
survey. The cost data were based on a rather large sample of the
twenty million people surveyed. Cancer incidence was &rived from a
10% direct interview sample, examination of hospital records and from
patients’ individual receipts for costs. Those tapes are available
from N.C.l.,, and they cover all costs, not just those of hospitaliza-
tion.

We are spending $140 billion per year on health care now, and by 1980
this figure will top $200 billion. Success in preventive medicine
depends on the economics of health care. Tobacco use produces what
might be termed negative benefits - immediate benefit to the indivi-
dual, but long-term negative effects on health and the economy.
Phillip Abramson says that when someone else pays for something the
costs are infinite. We might reflect on this fact in planning app-
roaches to these problems. It would be useful to do a hospital census
and estimate the number of in-patients and out-patients who would not
require care if they had never smoked. Possibly such a study could
be done, however, priorities don't seem to be in this direction.

Attributable risk estimates are available currently which show sub-
stantial risks associated with smoking for a wide variety of disease
categories. It is, perhaps, unwise to assume that the entire excess
risk of disease in smokers is a result of their smoking. Enidemio-
logically some of the diseases associated with smoking-have-not been
shown to be etiologically related. Others, such as lung cancer,
clearly are causally related to smoking. Blanket assumptions that
every disease associated with smoking is caused by smoking create a
credibility gap because they are subject to successful refutation by

228



industry sources. For this reason, it would seem important in es-
timating the dollar costs of tobacco use to separate costs which
are clear and definite results of smoking from those which assume
causality where it has not been proven to exist.

Another issue worth considering is what would happen to health costs
if, say, cancer were eliminated. Probably the effects would not be
great. It has been estimated, for example, that mean life span at
age 60 or 65 would be increased by about 1.4 years, and that two-
thirds of deaths would then be cardiovascular, a condition which is
more expensive to care for than cancer. This viewpoint was very con-
troversial, and several discussants rejected it on the grounds that
treatment of cardiovascular disease wasn't more expensive than can-
cer and that this selective statistic focused only on people in their
sixties, ignoring the impact of younger persons.

A number of suggestions were made concerning the fact that smokers

do not pay the actual costs of tobacco use. Some felt that if health
resources were to be reallocated that they should focus not on hos-
pitals or medical care, but on the health insurance system. Persons
who smoke should pay for the health costs of smoking.

The aim of a health care system is often forgotton. Many persons die
in their sleep in their eighties, never having cost society or them-

selves much in terms of health care or social support. This is the
idea that must be the aim of all health plans.

Thomas M. Vogt, M.D., M.P.H.
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Smoking and Disease

Julien L. Van Lancker, M.D.

Historical Sketch of the Discovery
and the Spread of Tobacco

Although Pliny the Elder, Herodotus, Pomponius Mela and Colonius
reported the smoking of various materials (including cow dung for
the treatment of melancholy!!l) , tobacco smoking seems to have
originated among the Indians of the New World.

It is said that after a long famine in the land of Hurons, the
Indians prayed to the Great Spirit for help. A naked girl appeared,
sat on the dry land, and placed her hands on the ground. Corn

grew where she placed her left hand, potatoes where she placed her
right hand, and tobacco where she sat down (Koskowski 1955; Ochsner
1954).

For the Indians of the New World, tobacco was a most valuable com-
modity, and they certainly attributed exceptional properties to
tobacco. The leaves were used for medicinal purposes in the form

of ‘poultices and pastes in the treatment of ulcers. Tobacco was
smoked at religious and secular occasions. Who is not familiar with
the “peace calumet™ Tobacco smoking was believed to give new
psychic experiences, with visions of the after world; it stimulated
devotees during ritual dances by combatting weariness, pain and
hunger.

Hispanola, two of Columbus’ sailors, Luis de Torres and Jerez,

went on a search for the great Chinese Khan only to find Indian men
and women smoking cigars (Ochsner 1954). Soon after the discovery
by the Spanish of Hispanola and Cuba, the French of Canada and
Florida, the Portugese of Brazil, and the English of Virginia, the
Atlantic powers of the Old World adopted tobacco. The modes of con-
sumption of tobacco - cigar, pipe and cigarette smoking, tobacco
drinking and snuff taking - were often copied from the Indian nation
with whom the explorers had come in contact. As trade between
Europe, Africa, Asia and Australia expanded, tobacco was introduced
to these various continents.
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The sailors that landed in the New World were undoubtedly fascinated
by the use of tobacco. It is said that when Rodrigo de Jerez re-
turned to his native town in Spain, he appeared in front of his
guests with smoke streaming from his nostrils, ears and mouth.
Narrow-minded citizens believed him to be possessed by the Devil
and denounced him to the Inquisitors, who dutifully incarcerated
him for the proper time. Released from jail, Jerez discovered

that tobacco smoking had become an accepted custom, even by the
clergy (Bucher 1950; Apperson 1914).

Some of the landmarks in the discovery of tobacco are listed in
Table 1.

TABLE 1

SOME LANDMARKS IN THE DISCOVERY OF TOBACCO

1492 Columbus’ sailors observed smoking Indians
1512 Juan Ponce de Leon brings tobacco to Portugal

1556 Andre Thevet returning from Brazil introduced and brought
tobacco seeds to France

1558 Tobacco is cultivated in Portugal
1558 Francesco Hemandez of Toledo brings tobacco to Spain

1559 Damien de Goes gives Jean Nicot tobacco plants who des-
cribes the "medicinal properties” of the plant

1559 Francisco Hemandez , private physician of Philip II, re-
turned from Mexico and planted tobacco in Spain

1565 Sir John Hawkins brings tobacco seeds to England
1565 Sir Walter Raleigh introduced smoking in England
1565 Konrad Gesner introduces tobacco in Zurich

1573 Tobacco is cultivated in England

1603-1617 Smoking is introduced in Turkey
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Among those that claimed medicinal properties for the tobacco plant
are Leibault from Paris, Gohory from Paris and Nicholas Nomartes
from Sevilla® The publications of these physicians contain tobacco-
based recipes for external and internal use. Tobacco ointments,
pastes and poultices were credited to cure ulcers, wounds, contu-
sions, nolimetangere, scrofula and scabies. According to Nomartes,
practically every disease of the gastrointestinal, respiratory and
genitourinary tracts could benefit from the prescription of tobacco

TABLE 11

SOME OF THE NAMES USED FOR TOBACCO

Herbe d’Ambassadeur: (after Nicot the French Ambassador to Portugal
Herbe du Grand Prieur

Nicotinae : after Nicot

Caterina of Medicia; after Catherine of Medici
Herbae la Reine Mere

Herbe de Sainte Croix: after two cardinals
Varinaes : after Varian in Venezuela

Herbe Saincte or Sacrea

Saine Saincte

Panacee Antartique

Herbe propre a tous maux

Herba di Sancta Croce

Herbe divine

Herba panacea

Sam Sancta Indorum

Sacra Herbea

Sancta Herbea

Indianisch Wunderkraut

Heilkraut
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1504-1564

1511 Sevilla

1570

1572 Paris

1583 Antwerp

1585 Rome
1590 Sevilla

1595 London
1597 London
1600 London

1610 London
1614 Edinburg

1622 Leyde
1626 London
1627 London

1644
1648 Pavia

1730

TABLE 11

PUBLICATIONS PRAISING THE USE OF TOBACCO

“Agriculture et Maisson Rustique.” The work of
Charles Estienne.

Nicolar Monardes, “Segunda parte de libro de las
causas que se traen de nuestras Indians occiden-
tales que servin al uso de medecina.”

Liebault advocated an extract of mortar ground
dried tobacco leaves for treatment of all sorts
of ulcers and skin diseases.

Gohory publishes, “Instruction sur [I'herbe Petun,
ditte en France I'herbe de la Royne au Medicie.”

Gilles Everaerts, “De Herba Panacea, Quorum Alii
Tabaccum, Alii Petum Aut Nicotianum Vacant.”

Castore Durante, ‘Herbario Nuovo. ”

Jose de Acosta, ‘Historia Natural y Moral de 10s
Indias . ”

Anthony Chute, “Tobaco,” “Herball or General.”
John Gerard, “Historic of Plantes.”

William Vaughan, “Natural and Artificial Direction
for Health.”

Edmund Gardiner, “The Judgment of Tobacco.”

William Barcley, ‘Wephentes or the Virtues'of
Tobacco. ”

Johan Neander, “Tobacologia: hoc est tabaci, sen
nicotinae description medico - cheiurgico
pharmaceutics.”

Francis Bacon, “Sylva Sylvarum.”

Raphael Thorius, ‘Hymnus Tabaci Sive de Pacto.”

“In Tabacuum Chigramua.”

Jean-Chrysostome Magmen, “Exercitationes de
Tobaco .”

Halle Hoffman, "Medecina Rationalis Systematica."
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1757 Ratisbonne Johann Gottlieb Schaeffer, “Der Gebrauk und
Nutzen der Tobackrauchsclystiers nebt liner daze
bequemem Maschine."

1785 London Thomas Fowler, ‘Medical Reports of the Effects o
Tobacco Principally with Respect to its Diuretic
Quality in the Cure of Dropsie and Dysuries.”

TABLE IV

SOME PUBLICATIONS AGAINST THE USE OF-TOBACCO

601 London - Anonymous ‘Work for Chimney Sweepers or a Warning for
Tobacconists”

604 London - James | “/A Counterblaste to Tobacco”

665 Strasbourg - Simon Paulli (from Copenhagen) Yonznentarious de
abusa tobaci .”

670 Amsterdam - Thomas Theodor Kerchring “Spicilegium Anatomicum.

preparations. Nomartes claims to have cured headaches, coughs,
asthma, gout, stomach pains, constipation, renal stones, flatulence,
rheumatism, toothache and hemoptysis with either tobacco syrups,
tobacco enemas or, in practically all cases, by inhalation of tobac-
co smoke. To reduce pains associated with delivery or pregnancy,
he recommends that hot tobacco leaves be applied on the navel.

Works of the two Frenchmen and the Spaniard were translated in var-
ious languages and spread all over the Old World. In their zeal,
the translators expanded the list of diseases that could be cured
with tobacco to include syphilis, consumption, epilepsy. Neilander
from Leyden even added to the phannacopea a collyra made of tobacco
extract which, when applied to the eyes of older humans, would
restore intact vision.

It is not likely that the average man and woman who smoked took the
curative properties of tobacco seriously. They could hardly have
escaped allergies, bronchitis and other complications associated
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with smoking. Moreover, even in those days when tobacco was the
queen of the phannacopea, some physicians like Van der Meer of Delft,
seeded skepticism about the leaf’'s medicinal power and recommended
restraint in its use.

Queens (Catherine the Great, Catherine of Medicis), kings and emper-
ors (Peter the Great, Frederick William 1 of Prussiaé George |,
Napoleon?, Napoleon I11), generals (Moltke. Blucher’), playrights
(Moliere®; Cornielle), philosophers(Francis Bacon, Voltaire),
diplomats (Metternick. Talleyrand. lord Clarendon and Bismarck) and

a bishop (John Fletcher), ali claimed that tobacco, smoked or snuffed,
had helped their professional activities in one way or another.

Although most forms of tobacco smoking are destructive of health,
cigarette smoking is probably the most harmful. It is believed

that cigarettes were first used in Mexico, where chopped tobacco
was wrapped in corn husks. In Spain, cigarettes were-mostly smoked
by women. Those British officers who survived the tribulations of
the Crimean War made the cigarette fashionable in their ancestral
clubs. During the hay days of capitalism, James Buchanan puke
resorted to that infallible method of private enterprise, advertising,
to enlighten an austere America and teach it the joys of smoking
cigarettes. In 1867 Duke brought Polish and Russian Jews to the U.S.
to-manufacture cigarettes. This smoking material, still a luxury
during the Civil War. was consumed at the rate of 1.000 million
cigarettes by 1883. The rate of consumption of cigarettes rocketed
(Figure 1) from then on.

This new form of addiction was not unique to the U.S.; it flourished
practically everywhere in the world, even among the poorest nations.

The wisest fool of Christendom, James | of England, led the antago-
nists of tobacco use. Not only did he state that tobacco has no
medicinal properties, but he compared its black, smelly smoke to
the horrible vapors that exhale from hell. In 1605 the king organ-
ized, in Oxford, the first public debate on the effects of tobacco.
Black brains and black viscera, allegedly obtained from the dead
bodies of inveterate smokers, were produced for everyone to examine
with horror. The definite position of the king did not shake Dr.
Cheynell’s faith in the miraculous drug; he impudently appeared on
the podium with a lighted pipe.

In 1642 Pope Urban VIII, horrified by the disrespectful behavior

of his flock in the cathedrals, basilicas and churches of all Christ-’
endom, wrote a bull condemning the use of tobacco in general and in
holy places in particular and excommunicated all offenders. Appar-
ently the smell of cigarette, cigar and pipe smoke was competing,
even during the solemn masses, with the delicate fragrance of in-
cense, and monks were coughing in the midst of their Gregorian chants.

Excommunication may seem bad enough, but a decree of 1634 punished
Russian tobacco users by nose slitting, castration, flogging and
banishment. These rather drastic punishments were abolished only
under Peter the Great, who took to smoking a pipe in his effort to
open a window on the West.
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FIGURE 1

CIGARETTE SMOKING AND INCIDENCE OF CANCER OF LUNG
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In Turkey, one of the ways that the use of tobacco was punished was
by suspending the offender from a pipe introduced into a hole
pierced through his nose. The rationale for these punishments was
that the use of tobacco produced sterility and reduced the fighting
qualities of soldiers.

Frederick the Great prevented his mother, the Queen of Prussia, from
taking snuff during the coronation ceremony. Voltaire relates that
Louis XV banished users of snuff from the court of France. The
rebellious king's daughters borrowed pipes from the Swiss guards

and organized clandestine smoking parties in their private apartments.

Many physicians claimed that tobacco caused ailments of the intestine
(colics and diarrhea, nausea, emesis), of the respiratory system
(ulceration of the lungs, asthma, cough), of the cardiovascular
system (pain in the heart, apoplexy) and in addition caused under-
nourishment, impotence and dulling of the brain. In a rather gra-
tuitous but imaginative interpretation of the origin of the word
tobacco, Dr. Hodgkin in 1857 claimed that the use of tobacco, by
drying the stomach, caused craving for drink and therefore endeared
the user to the cult of Bacchus. He concluded that tobacco was
derived from ‘To Baccho.” In an issue of Lancet in 1857 he claimed
that tobacco causes dementia.

Many religious sects banished tobacco altogether: Mormons, Seventh
tlay Adventists, Parsees of India, Sikhs of India, monks of middle
Korea, Tsai Li sect of China, some Ethopian Christian sects, Wahabi
followers in Saudi Arabia, certain Bedouin tribes and followers of
Mahdi in Sudan. As history tells us too well, consumption of tobacco
survived the tortures by King's policies, the ostracism of church
leaders and the warnings of physicians. Therefore. it is likely that
if the habitual smoker might have been skeptical about miracle cures
advocated by the most enthusiastic devotees of tobacco, they also
paid little attention to the threats of their leaders and the advice
of their doctors. Most could not resist the novelty and fashionable
appeal of the new custom of smoking or snuffing and chewing tobacco.
As the nations of the world indulged in these new sources of pleasure,
social pressure increased and the custom of using tobacco spread. Soon
both government and private enterprise became aware of the profit to
be made by selling tobacco. The kings of France established "Le
monopole du tabac” which was abolished after the French Revolution
and reestablished by Napoleon. Most governments of the world have
imposed taxes on tobacco (Table V). After Duke’'s pioneering efforts,
the industrialists of the world followed suit and hastened to satisfy
the craving for the weed. Clever advertising expanded the market.

As a result, smokers almost all over the world can now enjoy their
habit with the tacit approval of their government, vigorous encourage-
ment of the tobacco industry, absolution of their church and the re-
signed silence of their physicians. Although all the ills said to
derive from the use of tobacco do not obtain (their brains and en-
trails will not be blackened by the inhaled smoke), they will find
that insidious and almost inevitably fatal cancers will grow in their
lungs, that their arteries and heart will be damaged and that their
lungs will be permanently ruined.
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TABLE V

SOURCES OF GOVERNMENT REVENUE ON TOBACCO

Taxes on the stored leaves uU.s.
Taxes on the manufactured product u.s.
Taxes on duties and imports U.K. and many

European countries

Tobacco monopolies France, Japan

The truce between devotees and antagonists of tobacco use has, how-
ever, allowed a more serene evaluation of the role of smoking as a
cause of disease. There seems to be little doubt that tobacco smok-
ing contributes to the development of diseases of the cardiovascular
and respiratory systems, and it cannot be excluded that it also causes
disease of the gastrointestinal and urinary tracts.

Tobacco Growing and Manufacturing

Some elementary notions on the complex subject of tobacco culture and
manufacture will help to understand the relationships between tobacco
and disease (Bucher 1950; Trifkovic 1945).

The wild ancestors of the cultivated tobacco plant are of the genus
Nicotina which contains more than 50 different species. Cytogenetic
studies of cultivated plants indicate that the plants are allopolploid;
that is, the chromosomes of the parent species are combined in the
cultivated plant.

Probably one of the reasons why tobacco was adopted all over the world
is that the plant grows vigorously under a wide range of climatic
(from the tropics to Finland) and soil conditions. The properties of
the final product depend on the climate, soil, types of seeds and
types of protection used against disease.

Some tobacco diseases and insect pests are listed in Table VI.

Methods of tobacco disease control include crop rotation, use of re-
sistant strains, sprays and fumigation. How much the sprays and
fumigants contribute to the nefarious effects of tobacco has not been
accurately evaluated. It is possible that some of the fungi which
attack tobacco produce toxins that may be carcinogenic, or that the
pesticides themselves are carcinogenic (e.g., arsenical pesticides).

Tobacco is cured in four steps: wilting, yellowing, coloring and
drying. leaves are yellowed in humid air. They are alive and sub-
sist on their starch reserves. The yellowing is caused by the break-
down of chlorophyll (Bucher 1950; Ochsner 1954; Koskowski 1955).
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DISEASES OF TOBACCO

Black root rot
Fusarium wilt
Tobacco mosiac
Bacterial leaf spot
Downy mildew

Blank skunk

TABLE VI

INSECTS THAT ATTACK TOBACCO
Plant bed
Green June beetle larvae
cut worms
Flea beetles
Field
Flea beetles
Cut worms
Bud worms
Aphids
Stored leaf
Tobacco beetle

Manufactured product

Cigarette beetle

TABLE VII

TIME REQUIRED FOR CURING

Air curing
Fire curing

Flue curing

One or two months
Ten weeks

Four to six days

239




The yellow leaves are then dried; as the cellsdie, oxidases come in
contact with phenols to yield a brown pigment. Freshly dried tobacco
leaves produce a smoke which irritates the throat. The pleasant
fragrance and attractive taste develop during the fermentation and
autolysis stage.

Fermentation releases C0,, H,0 and heat; as a result the leaves lose
a great deal of weight. Autolysis is carried out by the catalytic
action of hydrolases on proteins, polysaccharides and glucosides to
yield sugars and aromatic substances. Good tobaccos ‘are cured in a
manner that minimizes fermentation and enhances autolysis.

Various methods of drying are used: sun, air, fire and flue curing.
Turkish and some American tobaccos are sun cured. Air curing is
done in specially climatized rooms. In colonial days, wooden fires
were kindled on the floor of the barn in which the tobacco was hang-

The smoke of the burning wood altered the taste of the tobacco
giving it a creosote aroma. In 1825 wood fires were replaced by
charcoal fires . After the Civil War, flue curing was introduced. In
flue curing a furnace generates the heat which is carried to the room
containing the tobacco through metal pipes (Table 7).

Composition of Tobacco

A myriad of compounds can be identified in tobacco leaves and smoke.
Some, like nicotine, are of pharmacological importance; others, like
carbon monoxide, methyl alcohol, lead and arsenic, are frank toxins.

In 1829 Posselt and Reinmann (Apperson 1914), in Heidelberg, dis-
covered and isolated the alkaloid nicotine. It is an a-pyridino-B-
tetrahydrol-N-methylpyrrole.  Fresh, it is a colorless oil fluid with
an unpleasant odor and is very soluble in water. Exposed to air it
becomes brown. Nicotine is elaborated by the root of the plant. If
a tobacco leaf is grafted to a tomato plant, no nicotine appears in
the tobacco leaf. In contrast, if a tomato leaf is grafted to a
tobacco plant, the tomato-leaf contains nicotine. The amount of nico-
tine found in tobacco varies with the species, the nature of the soil,
the climate and a number of other factors. It ranges from 0.5 to 8%
of the weight of the dried tobacco leaf. Unless ‘the tobacco is
chewed or snuffed, it is the amount of nicotine that appears in the
smoke that is critical (Bailey et al. 1928: Lehmann et al. 1943).
Nicotine exists in tobacco as an organic salt. When tobacco is.
burned, the salts are converted to a volatile form. The amount of
nicotine present in the smoke depends on the brand of tobacco, its
humidity and the habits of the smoker, whose rate of inhalation deter-
mines the rate of burning and the temperature of the smoke (Bogen 1929).
(See Figures 2- and 3) .

Burning one cigarette produces approximately 800 cc of gas. Two
major components of the gas are carbon dioxide and carbon monoxide.
The faster one smokes, the, greater the volumes of CD, and CC pro-
duced and inhaled. The overall composition of the smoke also depends
on the brand of tobacco. For example, some American tobaccos yield
more aldehydes, including furfural, than oriental tobacco. In con-
trast, oriental tobacco yields more ammonia than American tobaccos.
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FIGURE 2

NICOTINE CONTENT IN TOBACCO

(In percent of weight in fresh tobacco)

(O/” 06 - LB

7 1 0.15 - 3
cr— 0.9 -1.96

after Koskowski

241



A A

NICOTINE AND CO CONTENTS
OF TOBACCO SMOKE IN INTERRUPTED INHALATION

20+
5 min®

15
8

e 104
o
3]

5

FIGURE 3

5min

1Omin

[Omin

IN THE MAIN STREAM

-20

After Koskowski

*Time Used to Smoke a Cigarette

NICOTINE IN mq



Nicotine is generally believed to cause the acute symptoms that
develop after smoking. Seventy nine to 88% of the nicotine present.
in the smoke is absorbed in the lungs. when one cigarette is smoked,
2.5 to 3.5 mg of nicotine are absorbed. The intravenous injection
of 1 mg.of nicotine produces symptoms similar to those engendered by
smoking one cigarette. More nicotine is absorbed from humid than
dry tobacco, because when the tobacco is dry, more nicotine is des-
troyed during combustion (Adler et al. 1906).

Cigarette smoking is usually believed to be the most harmful form of
tobacco smoking; pipe smoking being the least noxious. This is prob-
ably because cigar and pipe smokers do not usually inhale. The
temperature of the smoke is relevant to the effects of tobacco on
health and varies with the duration of the smoking of cigarettes
(McNally 1932). (See Figure 4) For example, if a cigarette 6.5
cm long is smoked in a period of two minutes the temperature of the
smoke may rise to 110° C, but it will only rise to 46° C if it takes
eleven minutes to smoke the cigarette. The temperature of burning
tobacco in a pipe varies with the type of pipe used and also with
the mode of inhalation. Given a brand of tobacco, the temperature
reached in a wooden pipe is always lower than that in a clay pipe.

In the wooden pipe it might be 535° C, in the clay pipe 590° C. Again
for a given brand, the temperature in a wooden pipe may rise from
370° C when inhalation is normal to 480° C when strong inhalation is
used. When tobacco is smoked in a clay pipe with strong inhalation,
the temperature may reach 700° C (Cooper et al. 1932). Higher temp-
eratures at the stem of the pipe probably generate more carcinogenic
substances in the tar. Therefore, high temperatures of burning tobac-
co might play an important role in the pathogenesis of cancer of the
lip, mouth and throat observed in pipe smokers .

Toxicology of Tobacco Components
CO (Carbon Monoxide)

Carbon monoxide is a colorless, odorless and nonirritant gas. It is
produced by incomplete combustion of organic substances found in coal
gas, but not in natural gas. Its toxicity stems from its binding to
hemoglobin to form carboxyhemoglobin which is 2.10 times stronger
than the binding of oxygen to hemoglobin to form oxyhemoglobin. Thus,
repeated exposure to even small amounts of carbon monoxide can mark-
edly reduce the amount of hemoglobin available for combination with
oxygen and cause anoxemia of all tissues. The heart and the brain,
which are heavily dependent upon aerobic respiration for function,
are the first victims of anoxemia. Carbon monoxide binds not only to
hemoglobin, but also to many other iron proteins, including the cyto-
chromes, major electron transporters (Goldsmith et al. 1968).

Concentrations of carbon monoxide in cigarette smoke vary from approxi-
mately 2.9 to 5.1%. Its affinity for hemoglobin is 200 times that

of oxygen. Carbon monoxide causes anoxemia by at least three dif-
ferent mechanisms: formation of carboxyhemoglobin, shift in the
affinity of hemoglobin for oxygen and interference with 2,3-diphos-
phoglycerate regulation of oxygen affinity. Carbon monoxide shifts
the oxyhemoglobin dissociation curve, increases the affinity of
hemoglobin for oxygen and prevents oxygen release at the tissue level.

243



FIGURE 4

TEMPERATURE OF SMOKE WHEN A CIGARETTE OF 6.5cm IS SMOKED
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Carbon monoxide interferes with the homeostatic mechanism by which
2,3-diphosphoglycerate controls the affinity of hemoglobin for oxy-
gen (Oski et al. 1970).

The deleterious effects of carbon monoxide may not be restricted to
the smoker. Studies by Russell et al. have shown that inhalation

of smoke in an unventilated room for 78 minutes is equivalent to the
absorption of the amount of carbon monoxide that would emanate from

the smoking of one cigarette (Chevalier et al. 1966; Russell et al.

1973).

Intoxication with carbon monoxide is observed among individuals work-
ing with blast furnaces, engine drivers, people working in badlv
ventilated tunnels and car drivers (especially if wood gas is used)
(Gettler et al. 1933; Bonnevie et al. 1948; Astrup et al. 1968).
Carbon monoxide is also found in the street air, and policemen regu-
lating traffic may occasionally suffer from headaches, nausea and
muscular fatigue as a result of carbon monoxide intoxication. The
blood of policemen regulating traffic may contain as much as 30%
carboxyhemoglobin (Wilson et al. 1926; Lilienthal 1950). Similarly,
taxi drivers have been found to have carbon monoxide content of 1.47
to 4.33 % in the blood, leading to a concentration of carboxyhemo-
globin of 8 to 19%. The greatest concentrations of carbon monoxide
in the smoke are obtained-during cigar smoking and the concentration
in the lungs will be 0.04%. At the end of smoking one cigar, 5% of
the blood does not function as an oxygen carrier and Jongbloed has
calculated that the smoking of one cigar is equal to the loss of 250
cc of blood (Jonabloed 19391. Such an alteration is of little sig-
nificance if ‘it is not cumulative and takes place in healthy humans,
but it may be of great consequence to a person with severe athero-
sclerosis or suffering from other diseases causing anoxemia. Usually
a concentration of 5% of carboxyhemoglobin does not generate any
symptoms as shown in Figure 5.

Other Compounds

The fermentation of the polysaccharide pectin, found in the tobacco
plant, yields methyl alcohol. It is estimated that 40 mg of methyl
alcohol are absorbed after smoking 20 unfiltered cigarettes and 42
mg are absorbed after smoking 10 cigars.

In addition to methyl alcohol, tobacco smoke contains ammonia, formal-
dehyde, phenols, creosote, anthracen and pyrene. Small amounts of
hydrocyanic acids are also formed, but are not believed to be of
toxicological significance. An increase in thiocyanate in the blood
of inveterate smokers has been observed. The thiocyanates are
usually excreted through the saliva (Trasoff et al. 1936). It is
estimated that heavy smokers may eliminate as much as 400 mg of
thiocyanate in their saliva. Combustion of glycerol generates acro-
leine which provokes local irritation. Fertilizers and insecticides
may add arsenic and lead to the tobacco.” Half of the arsenic in
tobacco enters the smoke, the rest remaining in the ash. The amount
of arsenic in the inhaled smoke ranges from 3.3 to 10.5 mg per cubic
meter of smoke (Thomas et al. 1945). Figure 6 gives the arsenic
content in the various components of a burned cigarette given a pat-
tern of smoking (Koskowski 1955). It is difficult to estimate how
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much arsenic contributes to ailments of heavy smokers (Holland et
al. 1958). The presence of arsenic in smoke is probably more rele-
vant to the dermatitis and eczema observed among tobacco dealers and
workers.  Similarly, lead may have caused poisoning among tobacco
workers (Jordans et al. 1936), but it is not likely to play a toxi-
cological role among heavy smokers.

Effects of Smoking on the Cardiovascular System

Nicotine primarily affects the cardiovascular and respiratory sys-
tems (English et al. 1940; Roth 1951; Shepherd 1951; Russek 1955;
Friedell et al. 1969; West et al. 1958; Kien et al. 1960; Roth et al.
1960; Thomas et al. 1960; Von Ahn 1960; Leaders et al. 1962; Irving
et al. 1963; Doyle et al. 1964; Pentecost et al. 1964; Folle et al.
1966; Mulcahy et al. 1966; Schwartz et al. 1966; Kuhn 1967; Nadeau et
al. 1967; Romero et al. 1967; Kannel et al. 1968; Puri et al. 1968;
Miyazaki 1969; Strong et al. 1969; Hammond et al. 1969; Ross et al.
1970; Seltzer 1970). Among the changes induced in the cardiovascular
system by smoking are increase in heart rate, blood pressure, cardiac
output, stroke volume, velocity of contraction, myocardial contrac-
tion force and myocardial oxygen consumption; development of arryth-
mia and alteration of electrocardiographic and ballistocardiographic
patterns (Friedell 1953; Bum et al. 1958; Forte et al. 1960;

Frankl et al. 1966; Clark et al. 1967). Nicotine is suspected to be
responsible for these changes: its parenteral administration re-
produces all the changes (Adler et al. 1906).

Nicotine is known to stimulate neurons in sympathetic and parasympa-
thetic ganglia (Dietrich et al. 1939). ‘The postganglionic fibers of
the sympathetic ganglia that innervate the heart, smooth muscle,
blood vessels and some glands, are stimulated by the chemical trans-
mitter, norepinephrine. Therefore, it is believed that epinephrine
and norepinephrine might be the mediators of the response to nicotine
(Kershbaum et al. 1963; Aviado et al. 1966; Westfall et al. 1966;
Kershbaum et al. 1967b; Balazs et al. 1969). Clear-cut evidence that
ordinary smoking produces levels of nicotine high enough to act upon
the sympathetic ganglia is not available. Sensitive, specific and
rapid assay for plasma nicotine are needed.

Nicotine increases the coronary blood flow (Bargeron et al. 1957;.
Bellet et al. 1962) when injected directly into the carotid of dogs.
However, it is believed that patients with compromised coronary cir-
culation do not respond to the nicotine stimulus to blood flow and
that therefore the flow of blood to the heart is not kept in tune with
the increased workload brought about by nicotine.

Nicotine inhaled in cigarette smoke is rapidly absorbed from the lung
and can be found in brain, adrenal medulla and sympathetic ganglia
within 5 minutes. The alkaloid is metabolized in the liver, the
kidneys and the lungs, probably by mixed-function oxidases and is
excreted in the stomach and the kidney.

Nicotine exhibits hemodynamic effects on the heart through the re-
lease of catecholamines. The increased cardiac output is compensated
for by a rise in coronary circulation in healthy patients, but in
those with severe atherosclerosis, such compensation does not take
place. Whether nicotine has an atherogenic effect in humans needs
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to be established. In animal experiments, amounts much higher than
the nicotine uptake in smokers are needed to produce atherogenic
disease.

Nicotine has a triple effect on the cardiovascular system. It

causes an hemodynamic response of the heart; it leads to increased
circulation of free fatty- acids (Gofman et il. 1955, Wenzel et al.
1958: Page et al. 1959: Wenzel et al. 1959: Acheson et al. 1961:
Konttine; 1962; Wilens et al. 1962; Konttinen et al 1963; Auerbach et
al. 1965; Kershbaum et al. 1965; Blomstrand et al. 1966; Kedra et al.
1966; Mcahy et al. 1966; Choi 1966; Kershbawn et al. 1967a; Kersh-
baum et al. 1967b; Van Buchem 1967; Auerbach et al. 1968; Astrup 1969;
Brody et al. 1969; Kjeldsen 1969; Stefanovich et al. 1969; Webster et
al. 1970; Wherat 1970) and causes an increase in platelet stickiness
and aggregation (Blackbum et al. 1959; Mustard et al. 1963; Ambrus
et al. 1964; Ashby et al. 1965; ‘Kedra et al. 1965; Sogani et al. 1965;
Murphy 1968; Pozner et al. 1970).

Increased incidence and severity of atherosclerosis among smokers is
observed at autopsies. Nicotine is known to induce necrosis in the
arterial walls and when nicotine is associated with cholesterol in
the diet, endothelial fibrosis takes place (Figures 7 and 8).

Carbon monoxide also seems to be atherogenic, either by increasing
the permeability of the arterial wall to lipoprotein or by inhibi-
tion of reoxidation of NACH, an important cofactor for biosynthesis
of fatty acids.

Both nicotine and carbon monoxide are believed to increase serum lipid
levels.

Thus the combined action of carbon monoxide and nicotine is as follows:
carbon monoxide reduces the amount of oxygen to the myocardium while
nicotine increases the amount of work of the heart. An increase in
incidence of atherosclerosis and thrombosis may well result from the
combined action of carbon monoxide and nicotine (Regan et al. 1960;
Cohen et al. 1969; Eerkson et al. 1970). A schematic representation
of the pathogenesis of heart disease in smokers is presented in

Figure 9.

In Great Britain 52,000 people die from smoking every year; half of
the deaths are caused by cardiovascular disease (Ball et al. 1974).

It is estimated that a 20% reduction in cigarette consumption by
heavy smokers could reduce the number of deaths by cardiovascular
disease by 8,000.

Doll and Hill (Doll et al. 1964a; Doll et al. 1964b) studied the
relationship between smoking habits among British physicians and
concluded that the mortality rate of heavy smokers between 35 and 44
years old is five times that of nonsmokers in the sane age group.

As the smokers grew older their relative chances of developing coro-
nary heart diseases decreased. It was only four times as great for
smokers than for nonsmokers between ages of 45 and 54. and the difference
became insignificant over the age of 55. Similar results were ob-
tained in a study among U.S. veterans (Kahn 1966). Smokers between
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FIGURE 9
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35 and 54 had a 5 to 19 fold increase in risk of death from coronary
heart disease compared to nonsmokers. All smokers do not develop
fatal myocardial disease. However, the chances of developing non-
fatal coronary heart disease is much higher among smokers, especially
young men, than among nonsmokers. Smoking also increases the inci-
dence of. angina, although true tobacco angina or angina produced by
smoking alone is rare.

If the contribution of cigarette smoking to coronary heart disease
cannot be ignored (Buechley et al. 1958; Cederlof et al. 1969), neither
should its role in the pathogenesis of coronary heart disease be
exaggerated. Smoking may be deleterious to individuals with hyper-
tension and cholesteremia, which are frequent among Westerners, but

it may not affect individuals with low cholesterol and normal blood
pressure, as is the case in Crete, Corfu and parts of Japan and
Yugoslavia .

According to Ochsner, King George VI of England, a heavy smoker,
suffered from both thromboangitis obliterans, or Buerger's disease,
and cancer of the lung. Buerger's disease is an uncommon obstructive
vasculitis of the arteries and sometimes the veins of the lower ex-
tremities. The disease is aggravated by smoking and cessation of
smoking aids in complete or partial remission. Few nonsmokers ever
contract the disease (Barnett et al. 1960; Begg 1965; Schwartz et al.
1965; Hass et al. 1966; Brown et al. 1969; Kjeldsen et al. 1969).

Effects of Smoking on the Respiratory System

Three types of diseases are usually classified under the generic term
“chronic obstructive bronchopulmonary disease.” They are chronic
bronchitis, pulmonary emphysema and reversible obstructive lung dis-
ease or bronchial asthma. Inasmuch as bronchial asthma is not usually
caused by cigarette smoking, it will not be included in this discussion.
Chronic bronchitis is characterized by cough and sputum production and
should last for periods of at least three months each year for two
consecutive years.

In pulmonary emphysema, destructive changes of the alveoli lead to a
permanent expansion of the air space beyond the terminal bronchiole.
Pulmonary emphysema is characterized by dyspnea. When both chronic

bronchitis and amphysema are present, there is cough, sputum excre-

tion and dyspnea.

A majority of patients suffering from chronic obstructive pulmonary
disease are cigarette smokers (Bickerman et al. 1954; Flick et al.
1959; Franklin et al. 1961;,Hemandez et al. 1966; Aviado et al. 1967;
Crowdy et al. 1975). Chronic obstructive pulmonary disease has been
produced experimentally in dogs trained to inhale cigarette smoke
through a tracheostomy (Ausrbach et al. 1967a; Auerbach et al. 1970b).
Changes in bronchi and lung parenchyma are proportional to the total
amount of smoke inhaled. Cigarette smoke inhibits ciliary activity
of the bronchial epithelium (Mendenhall et al. 1937; Falk et al. 1959;
Ballenger 1960; Wynder et al. 1963; Dalhanm et al. 1964; Dalhamn et
al. 1965; Wynder et al. 1965; Dalhanm 1966; Dalhamn et al. 1968;
Kaminski et al. 1968; Dalhamn et al. 1970) and the phagocytic activity
of the macrophages of the pulmonary alveoli. This results in defec-
tive clearance of inhaled foreign material, including viruses and
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bacteria, and results in increased incidence of respiratory infection.
Whether or not pulmonary surfactants are affected by cigarette smoke
remains to be established (Miller et al. 1962; Cook et al. 1966;
Gianunona 1967; Scarpelli 1968; Pratt et al. 1969). Decreased surfac-
tant production interferes with the proper expansion of the alveolar
wall. Ventilator-y functions have been shown to be decreased in smokers
compared to nonsmokers (Motley et al. 1958; Higgins 1959; Liebeschuetz
1959; Wilson et al. 1960; Read et al. 1961; Krumholz et al. 1964; Zwi
et al. 1964; Krwnholz et al. 1965a; Krumholz et al. 1965b; Peterson et
al. 1968; Wilhelmsen et al. 1969; Chiang et al. 1970; James 1970).

Cigarette smoking seems to be the main cause of chronic obstructive
pulmonary disease. Although the incidence of these diseases in pipe
and cigar smokers is higher than in the general population, it is still
lower than among cigarette smokers. Although, in general, the effects
of cigarette smoking are much more deleterious than atmospheric pollu-
tion, under conditions of severe atmospheric pollution the combination
of cigarette smoking and pollution may cause more severe chronic
obstructive pulmonary disease. Resultant respiratory infections will
be more frequent among cigarette smokers than nonsmokers (Boake 1958;
Edwards et al. 1959; McDermott et al. 1965; Pamell et al. 1966;
Megahed et al. 1967; Rimington 1969; Lambert et al. 1970).

Pathological changes observed in the tracheobronchial tree and assoc-
ciated with smoking include goblet cell distension, alveolar septal
rupture, thickened bronchial epithelium and mucus gland hypertrophy
(Ide et al. 1959; Leuchtenberger et al. 1960a; leuchtenberger et al.
1960b; Anderson 1963; Anderson et al. 1965; Anderson et al. 1966;
Auerbach et al. 1967b; Auerbach et al. 1970a).

Anderson has claimed that centrolobular emphysema is more characteris-
tic of smokers than panlobular emphysema. Smokers and nonsmokers are
found in equal numbers in patients with panlobular emphysema, while
98% of patients with centrolobular emphysema are smokers.

The mechanism by which bronchitis develops in cigarette smokers is not
clear. In an attempt to elucidate the pathogenesis of chronic bron-
chitis, Kilbum and MacKenzie (Kilbum et al. 1975) studied the leu-
kocyte recruitment to airways by cigarette smoke, using hamsters
forced to breathe fresh cigarette smoke in miniature chambers. The
results suggest that cigarette smoke does not recruit polymorpho-
nuclears by the synergetic action of the nonparticulate and the par-
ticulate components of the smoke.

Auerbach has shown that the consumption of half a pack of cigarettes

a day causes only minor emphysema, but the consumption of two packs

or more leads to very severe emphysema characterized by the development
of large holes in the pulmonary parenchyma (Auerbach 1972). A schem-
atic representation of the pathogenesis of chronic obstructive pulmon-
ary disease is presented in Figure 10.

Smoking and Child Development

Children born from mothers who smoked heavily during pregnancy are
usually smaller at the time of delivery than children born from non-
smokers. In general, infants born from smoking mothers are from 70
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FIGURE 10

PATHOGENESIS OF COPD IN SMOKERS
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to 250 gm lighter than children born from nonsmokers. Inasmuch as
the chances of optimal physical and intellectual development decrease
with the weight of the infant (optimal weight 3,000 gm), several in-
vestigators have been concerned with the ‘potential effect of smoking
on child development and the mechanism by which fetal growth is re-
tarded in smoking women (Lowe 1959; Frazier et al. 1961; Haddon et al.
1961; Heron 1962; Kumar et al. 1963; Murdoch 1963; Young et al. 1963;
Mantell 1964; Peterson et al. 1965; Becker et al. 1966; Downing et al.
1966; Mosier et al. 1967; Becker et al. 1968; Duffus et al. 1968; Rus-
sell et al. 1968; Younoszai et al. 1968; Buncher 1969; Younoszai et
al. 1969; Hardy et al. 1972). Two mechanisms of retardation have been
proposed: one is the anoxemia caused by the higher concentration of
carboxyhemoglobin, the other is the food intake. It would seem that
smoking mothers gain less weight than nonsmoking mothers. A study

by Davies et al. (Davies et al. 1976) suggests that increasing the
weight of smoking mothers might prevent the harmful effects of smok-
ing on fetal growth. However, at four and seven years there are no
significant differences between physical and intellectual functions
of children born from smoking and nonsmoking mothers.

The mortality in babies of smokers is significantly higher than in
babies of nonsmokers for both stillbirths and neonatal deaths. For
reasons unknown, smoking mothers have a reduced incidence of pre-
eclamptic toxemia, as compared to nonsmoking mothers.

Although there is no evidence that the cigarette smoke is teratogenic
in vivo, studies in vitro have shown that the cigarette smoke con-
tains mutagenic factors the salmonella microsomal system (Kier
et al. 1974).

Smoking and Cancer

Cancers Linked to Tobacco Use

John Hill, a physician who wrote operas, novels and farces, seems to
have been the first to attract public attention to the carcinogenic
properties of tobacco. He wrote a note entitled, “Caution Against
the Immoderate Use of Snuff,” in which cancer of the nostrils was
attributed to the use of snuff.

The use of tobacco in any form has often been suspected to cause can-
cer at various sites in the body: lips, tongue, tonsils, larynx,
lung, stomach, intestine, pancreas and bladder (Levin et al. 1950;
Hammond 1975; Rothman 1975; Wynder et al. 1975).

Cancer of the lip, a type of cancer often referred to as cancer of
“country folks ,” is more prominent among land laborers who smoke
short and uncleaned pipes (Ewing 1940; Levin et al. 1950). The in-
cidence of cancer of the lip is high among those who keep a cigar or
cigarette in their mouths all the time and who smoke them to the end.

Ewing suspected that tobacco played an etiological role in carcinoma
of the mouth and tongue. Syphilis and leukoplakia also contribute
to the increased incidence. Pipe and cigarette holder users are more
prone to develop cancer of the mouth than cigarette smokers, probably
because these smoking devices are usually placed in the same place in
the mouth. Tobacco chewers develop cancer of the mouth usually at
the sites where the tobacco is tucked: the cheeks and the gums. In
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Asia cancer of the cheek and mouth is frequent among Hindus who chew
tobacco and betel (Nehta et al. 1961; Atkinson et al. 1964; Hirayama
1966).

During the end of the 19th and beginning of the 20th centuries the
incidence of cancer of the lung was very low (Adler 1912). Between
1880 and 1910 two cancers of the lung were discovered at autopsy in
Strasbourg. Eighteen cases a year were observed between 1946 and
1950. After 1910 the incidence of cancer of the lung was on the
rise. Two major changes were responsible, at least in part for this
increase in incidence: extension of average life span and improved
diagnosis as a result of the sequential discovery of Roentgen diag-
nosis, bronchoscopy and cytology. In 1936 Fleckseder found in a -
limited study that 94% of the oatients with cancer of the lung were
heavy smokers (Fleckseder 1936). The association between tobacco
smoking and the incidence of cancer of the lung has since been re-
peatedly investigated (Wynder et al. 1950: Wynder et al. 1951: Doll
et al. 1952; Hammond 1952; Hammond et al.1952; Ochsner et al. 1952;
Wynder et al. 1953a; Hammond 1954; Haenzel et al.. 1956; Davies 1959;
Abelin et al. 1967; MacMahon 1975).

In almost all countries where the incidence of cancer of the lung has
been studied, number of cigarettes smoked rises with the incidence of
cancer of the lung.

The incidence of cancer of the lung was low among women until they
took up smoking (Haenzel et al. 1958). It remains low in religious
groups such as the Seventh Day Adventists and Mormons, who do not
approve of smoking. The incidence of cancer of the lung was low in
Iceland prior to 1940, but rose rapidly during and after World War II.
Cigarette smoking was unpopular on the island until the start of the
war (Drogendijk 1964; Drogendijk 1966).

There seems to be little doubt that tobacco smokers are at high risk
of developing cancer of the upper gastrointestinal and respiratory
tracts. The etiology of cancer of the mouth and pharynx is of par-
ticular interest. The risk of developing cancers of the mouth and
pharynx is two to six times higher among heavy drinkers (Rothman 1975).
In this carcinogenic process tobacco is believed to act as the ini-
tiator and alcohol as the promotor.

A similar combined effect of alcohol and smoking has been observed
for cancer of the larynx. The risk of developing cancer of the
larynx is ten times greater among tobacco smokers who are also heavy
drinkers.

Solid statistical evidence establishing a relation between cancer of
the lung and cigarette smoking was provided for the first time by
Doll and Bradford Hill in 1950 in England and confirmed by Wynder

in the United States.

Hammond and Garfinckel have shown that the incidence of cancer of the
lung correlates well with the amount of cigarettes smoked, the degree
of inhalation and the duration of the smoking habits. The risk for
developing cancer of the lung is greater among smokers who start at

a young age than among those who start later. Moreover, if one stops
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smoking, the deleterious effects of cigarette smoking are reversed.
Thus after a certain period of time has passed, the incidence of
cancer of the lung in exsmokers is similar to that observed among
nonsmokers.

Painstaking double-blind histological studies of large populations of
smokers and nonsmokers perfomd by Auerbach strongly indicate that
smoking alters the epithelium of the tracheobronchial tube. Lesions
consist of basal cell hyperplasia with alterations of the normal
epithelial cells into a more atypical cell, sometimes indistinguish-
able from cancer cells; in fact, these atypical epithelial cells may
even present sites of early invasions. Whether these lesions are pre-
cancerous remains to be seen. Yet similar lesions have been pro-
duced experimentally in smoking dogs, some of which ultimately devel-
oped cancer (Auerbach et al. 1967a; Auerbach et al. 1970b).

Drogendijk has summarized the objections to assigning smoking an
exclusive role in the incidence of cancer of the lung. (1) All heavy
and moderate smokers do not develop cancer of the lung. (2) Cancer
of the lung is occasionally observed among nonsmokers. (3) The inci-
dence of lung cancer seems to have increased in dogs as well as in
humans. Unless dogs smoke in secret, cigarette smoking can hardly be
incriminated. On the basis of such observations, Drogendijk conclu-
ded that cigarette smoke is not the sole cause of cancer of the lung,
but that other factors, such as air pollution by soot or possibly
asbestos or consumption of alcohol, contribute to the etiology of
cancer of the lung (Drogendijk 1966).

Cumulative effects of air pollution and cigarette smoke are believed
to operate in the etiology of cancer of the lung. Except for very
heavy smokers, from whom the incidence of cancer of the lung is the
same among those who live in Liverpool and rural Wales, the incidence
of cancer of the lung is significantly higher among smokers who live
in the city than among those who live in the rural areas (Hitosugi
1968; Pike et al. 1975). Smoking and asbestos also combine their
effects to cause cancer of the lung (Cole et al. 1975).

However, there seems to be no influence of previous pulmonary dis-
ease on the incidence of cancer of the lung (Dalhanm et al. 1967).

In conclusion, one can argue that factors other than tobacco smoke
contribute to the incidence of cancer of the lung and question the
mechanism by which cigarette smoke causes cancer of the lung, the
evidence that cigarette smoking is a major contributory factor to
the development of cancer of the lung is overwhelming.

Tobacco Carcinogenesis

Since cigarette smoke is a capital contributor to cancer of the lung,
the disease could possible be prevented, if we knew the molecular’
mechanisms by which cigarette smoke causes cancers. Such a patho-
genic mechanism can be best understood by taking into account pro-
gress made in the knowledge of chemical carcinogenesis. Because the
survival advantages of a cancer cell are transferred from one genera-
tion of cells to another and because most chemical carcinogens have
been found to be mutagenic, it is believed that chemical carcinogens
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initiate the alteration of gene expression that is characteristic of
cancer by modifying DNA molecules. Some carcinogens, the alkylating
agents for example, enter the cell and bind directly to DNA, but most
substances that act as carcinogens are metabolically converted before
binding to DNA. This is certainly the case for polycyclic hydro-
carbons (e. g . benzene-pyrene) and acetylaminofluorene. The meta-
bolic conversion occurs in the cytoplasm and is catalyzed by a group
of microsomal enzymes, known as the mixed-function oxidases. The
exact role of the mixed-function oxidases in chemical carcinogenesis
is still questioned. They certainly generate carcinogenic metabolites,
but it is also thought likely that they detoxify the procarcinogen

and facilitate elimination. Although there is little doubt that car-
cinogens bind to DNA, conclusive evidence that such binding causes

the distortion of the gene expression associated with cancer is lacking.

Even if we assume that the binding to DNA is causally related to the
initiation of cancer, such an interpretation of the molecular events
must take into account the existence of DNA repair. A carcinogen
bound to a DNA base is susceptible to removal by two repair mechan-
isms, one operating in absence of DNA replication, the other in
presence of DNA replication (Van Lancker 1977).

Attempts were also made to identify promoters in tobacco smoke (Bock
1968: Van Duuren et al. 1968: Wynder et al. 19691. Again a number

of chemicals are good candidates for that function. However, definite
identification of the promoters in cigarette smoke is far from con-
clusive. Volatile phenols are among the most likely substances that
may act as promoters. Volatile aldehydes and acids and formaldehyde
vapors are the other substances suspected to operate as promoters.

An association between cigarette smoking and cancer of the bladder is
believed to exist (Lockwood 1961: Staszewski 1966: Kida et al. 1968).
Trace amounts of A-naphthylamine; an established carcinogen in human
bladder cancer, appear in tobacco smoke as a result of pyrolysis of

certain amino acids (Masuda et al. 1967; Miller et al. 1967).

In spite of much investigation on the pathogenesis of cancer of the
bladder in animals (Boyland et al. 1956; Brown et al. 1960; Cobb et al.
1965; Deeley et al. 1966; Bryan 1969; Conzelman et al. 1969; Brown et
al. 1970), those chemicals found in smoke that contribute to the
development of cancer of the bladder in humans have not been identified.

Increased amounts of tryptophan metabolites, 3-hydroxyanthranilic
and 3-hydroxykynuzenine (two o-aminophenols) have been found in the
urine of smokers (Kerr et al. 1965). Whether or not smoking inhi-
bits o-aminophenol metabolism and whether the latter contribute to
the pathogenesis of nonoccupational cancer of the bladder, remains to
be established.

In conclusion, there are a number of chemicals in the tobacco smoke
which might function as initiators or promoters. Preferred candidates
are benzene pyrene for the former and phenols for the latter. conclu-
sive evidence that either of these substances function as such in
humans or in animals subjected to smoke is not available.
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CONCLUSION

The smoking of tobacco products has expanded enormously in the 350
years following its rediscovery by white men because of craving and
socioeconomical pressures. What was first believed to be a cure for
many diseases turned out to contribute substantially to the occurrence
of cardiovascular disease, chronic pulmonary diseases and cancer at
various sites.

On the basis of the analysis of the components of tobacco smoke, it
is possible to propose a working hypothesis on the contribution of
tobacco smoke to the pathogenesis of disease. Quantitative data on
the individual potential contributors are, however, not available
primarily because of the multiplicity of potential noxious agents and
their multistep mode of action.

The multistep development of cancer further complicates the identifi-
cation of the cause of cancer at a given site. These sites include
transformation, initiation and promotion.

Cells are transformed in vitro by viruses, chemicals and ionizing
radiation. Transformation first observed with oncogenic viruses.
Dulbecco has defined transformation as the process by which animal
cells acquire inheritable properties different from those they had
before infection (Van Lancker 19761. Various carcinogens have been
used to achieve transformation in vitro, including polycyclic hydro-
carbons, alkylating agents and substances. Transformation is
accompanied by a number of alterations of the cellular, morphological,
biochemical and functional properties. These changes include changes
in membrane transport, membrane structure, adhesiveness to other cells
and substratum, chromosomal number, growth characteristics, serum
requirements and morphological features. The relationship between
any of these alterations and the transforming event is not known.
There is clearly a reprogramming of gene expression, it is not known
if the pattern of reprogramming is random or nonrandom, or whether a
single mechanism of transformation or a variety of molecular insults
all ultimately result in a similar modification of cellular proper-
ties.

Transformation consists in modulation of gene expression which is

transferred from one generation of cells to the next. The molecular
trigger leading to transformation remains unknown. What is certain,
however, is. that at least in some cases transformation is reversible.

In vivo experimental carcinogenesis occurs in two stages: initiation
and promotion. The demonstration of initiation and promotion was

done in the classical experiment of Berenblum in which a single
application of methylcholanthrene was followed by repeated applica-
tions of croton oil. Such treatment yielded skin tumors. If the
croton oil was applied before nmthylcholanthrene, no cancer developed.
Croton oil alone is noncarcinogenic. A single dose of methylcholan-
threne produces only a few tumors. Subsequent administration of croton
oil increases the incidence and reduces the latent period for the
appearance of cancer. On the basis of these experiments, it was
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concluded that methylcholanthrene acts as an initiator, whereas croton
oil acts as a promoter. The dissociation of the mechanism of carcino-
genesis into two distinct steps has permitted investigators to deter-
mine whether the factors that modulate carcinogenesis act on the
latent period or promotion. For example, the reduced incidence of
tumors due to low caloric intake or the increased incidence of tumors
caused by some hormonal treatments, appear to result from an influence
on the promoter stage. We know little of the molecular events’ asso-
ciated with initiation or promotion. The general view is that initia-
tion corresponds to a permanent molecular alteration of the cell,
while promotion results in cell proliferation. Little is known of the
permanent change that occurs during initiation, but it cannot be
excluded that binding of the carcinogen to DNA or other macromolecules
may be responsible for this change.

Initiation should not be confused with in vitro transformation. Al-
though transformation also provides the cell with survival advantage
through modulation of gene ‘expression, these changes are reversible,

at least in some cases. Certainly transformed cells, when transplanted
into animals, yield neoplasms that invade, metastisize and kill the
host. Whether or not such cells when transplanted undergo irreversible
initiation is not established, neither is it known if reversible trans-
formation takes place in _vivo prior to irreversible initiation.

One can therefore hypothetically contemplate three different mechan-
isms of carcinogenesis in_vivo: transformation leading to tumor form-
ation without initiation, transformation leading to initiation
followed by promotion, direct irreversible initiation followed by
promotion (Figure 11). At present it is impossible to distinguish
between these various modes of carcinogenesis.

In any case, the conversion of a normal cell into a cancer cell is a
multistep event (Figure 11) involving metabolic conversion of a pre-
carcinogen into a carcinogen, cell transformation, or initiation or
both and promotion. The modulation of gene expression responsible
for the conversion of a normal into a cancer cell leads to a popula-
tion of cells with survival advantages capable of proliferation,
invasion and metastasis.

With these various mechanisms of carcinogenesis in mind, one can think
of ways of preventing tobacco carcinogenesis. Prevention could in-
clude: (1) elimination of precarcinogens, carcinogens and promoters
by abolishing smoking. Yet, it is unlikely that the Surgeon General.
or the Secretary of Health and Welfare would be more successful in
stopping the habit of smoking than popes, kings, inquisitors and ex-
ecutors. Heavy taxes might, however, prove more effective than tor-
ture. (2) Elimination of precarcinogens, carcinogens or promoters
from the smoking material; for example, by growing low tar producing
tobacco or by treating the tobacco as to eliminate these substances.
(3) In the alternative that tobacco smoke is not the causal agent of
cancer and that environmental factors contribute, .in a major manner,
to the process of carcinogenesis, elimination of carcinogens, pre-
carcinogens and promoters from the environment might reduce the cancer
risk. This situation may obtain for cancer of the. mouth, the esophagus
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FIGURE 11

PATHOGENESIS OF LUNG CANCER
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and even the larynx. The exclusion of alcohol from the diet might
significantly reduce the risk for developing these cancers.

Experimental Tobacco Carcinogenesis

Although epidemiological data has clearly established the existence
of a correlation between smoking and cancer, a clear-cut causal rela-
tionship between cigarette smoking and cancer has not been demonstra-
ted. Such a causal effect can only be conclusively established in
animal experiments. Although the approach to tobacco carcinogenesis
is varied (Lorenz et al. 1943; Wynder et al. 1953b; Holsti et al. 1955;
Orr et al. 1955; Wynder et al. 1955; Hamer et al. 1956; Guerin et al.
1957; Wynder et al. 1957a; Wynder et al. 1957b; Leuchtenberger et al.
1958; Bock et al. 1959; Bouchard et al. 1960; Leuchtenberger et al.
1960a; Leuchtenberger et al. 1960b; Peacock et al. 1960; Rigdon 1960;
Blacklock 1961; Bock et al., 1962; Moore et al. 1962; Rockey et al.
1962; Homburger et al. 1963; Bock et al. 1964; Bock et al. 1965;
Rockey et al. 1966; Reddy et al. 1967; Van Duuren 1968; Leuchtenber-,
ger et al. 1969; Radford et al. 1969; Saffioti 1969; Saffioti 1970),
the extrapolation of results obtained in animal experimentation to
humans is difficult for several reasons. First, it is almost moss-
ible to reproduce human smoking habits in animals. Secondly, because
of the large number (at least 1200) of compounds and the various prop-
erties found in tobacco smoke, the identification of initiators and
promoters of cancer is extremely difficult.

Studies in experimental tobacco carcinogenesis have been reviewed
(Wynder et al. 1968). These authors have described tobacco smoke as
an aerosol composed of gases, organic vapors and particulate matter.
The smoke is divided in a side-stream, generated at the burning cone
between puffs and a mainstream that travels through the length of the
cigarette and is inhaled. The inhaled smoke is first held in the
llputh where the hydrophilic volatiles are adsorbed. From there it
reaches the lung where up to 90% of the aerosol particles are deposi-
ted. The particles may either cling to the mucosa and later be elim-
inated with the mucus secretion by the movement ‘of epithelial ciliae
or they may be phagocytized by macrophages which may later die and be
expectorated. Consequently in addition to contributing to the patho-
genesis of cancer by providing carcinogens, promoters, inhibitors of
DNA repair, modulators of mixed-function oxidases, smoke condensates
may also contribute inhibitors of ciliary movement and of phagocytosis
(Dalhamn 1959;. Ballenger 1960; Carson et al. 1966; Green et al. 1967;
Dalhamn et al. 1970).

Polycyclic hydrocarbons, heterocyclic hydrocarbons (Graham et al.
1957; Gellhom 1958; Kuratsune et al. 1965; Roe 1962; Graham et al.
1963; Van Duuren et al. 1966; Carugno et al. 1967; Lasnitzki 1968a;
Lasnitzki 1968b: Chan et al. 1969: Cracker et al. 19701. N-nitrosam-
ines, nitroalkanes, aromatic amines and Polonium 210 as among those
substances found in tobacco smoke that are suspected to cause initia-
tion. Polynuclear hydrocarbons, among them benzo(x)pyrene, are formed
in the burning cone. Pyrolysis yields carbon-hydrogen radicals which
through pyrosynthesis combine to form 4 to 6 rings aromatic hydro-
carbons. Secondary amines present in smoke react with NO and NO, or
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with alkaline nitrates to yield nitrosamines. Nitrosamines are car-
cinogenic in animals (Boyland et al. 1966; Serfontein et al. 1966;
Johnson et al. 1968; Davies et al. 1969). Only traces of nitroalkanes,
probably formed through the reaction of alkyl radicals with NO,, are
found in tobacco smoke. Again nitro-olefins are carcinogenic in
animals. Traces of Polonium 210 are also found in cigarette smoke
(Little et al. 1964; Kelley 1965; Gregory 1965; Little et al. 1965;
Ferri et al. 1966a; Ferri et al. 1966b; Kilibarda et al. 1966;
Little et al. 1967). The concentration of the isotope is greater
in the lung, blood and liver of smokers than in the same organs of
nonsmokers.

FOOTNOTES

1 Table Il lists some of the names, given tobacco and Tables 111
and IV give a list of some of the most famous publications that
appeared during the 16th and 17th centuries on the subject of
tobacco and its relationship to medicine.

2 cavendish tells us in a pamphlet how poison was once added to
Napoleon’s snuff (Cavendish 1857).

3  His pipe was blown to pieces by a bullet at Waterloo..

4

Quoique puisse dire Aristote et toute la philosophie il n'est
rien d'egal au tabac; c'est la passion des honnetes gens et

qui vit sans tabac n'est pas digne de vivre non seulement il
l;ejouit et purge le cerveau humain mais encore il instruit les
ames a la vertue et on apprend avec lui a devenir honnete homme.
Moliere, Don Juan.
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